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I 

PROCESS FOR DETECTING SPECIFIC NUClEOTIOE 
YAftlATIONS AMO GENETIC POllMOftPHISMS 
PRESENT IN NUCLEIC ACIDS 

This Invtntlon r«1«ttt to i proctss for otttetlna nucltotldt 
v«r1«t1ontt wtitlont and po1jn»orphtsm by tfpllfylng nueltic icid 
ttqutncts tutptcttd of conttlnlng luch mitatlont or pol>«orph1 wit and 
dtttctlng tht« vlth toqutnc^sptclfle ollgomiclootldtt In a dot olot 
format. 

In rtctnt ytars, tht aoltcular basil of a nv^ibtr of hmun 
9tntt1c disoasts has boon olucldatod by tho application of rtconblnant 
ONA tochnolov. In particular, tho dotoctlon of spoclfic polynorpMc 
rtstrlctlon sitas In htiian 9«no«1c ONA assoclatod with gtnotic 
distast, such as s1cli1o*co11 antsila, has provldtd clinically valuabU 
information for prtnatal diagnosis. In thtso studios, tht prtsanco or 
absonca of a sptclfic sito Is rtvoalod by rtstrlctlon fragment Itngth 
pol>wiorph1sm (RFIP) analysis, a mothod In which variation In tht sizt 
of a sptclfic gtnoiric rtstrlctlon fragiwnt is dtttcttd by Southtrn 
blotting and hyOrldliatlon of tht liwoblllitd genomic ONA with a 
labtltd probt. R^l? analysis has provtd ustful In tht dlrtct 
dtttctlon of polymorphic sUts that contain tht wtatlon conftrring 
tht disaast phtnotypt (t.g., Mstll and slcklt-ctll antmla) as wtU as 
In llnkagt studlts vhtrt t particular alltllc rtstrlctlon sitt Is 
llnktd to a distast locus within a family but not ntctssarlly In tht 
gtntral population, St«, for txaaiplt, Un and Oozy, PhAS (USA), 75^ 
5631 (1978), and Rubin and Ktn, Lanctt. 1985-1, 75 (1985). Stt also 
Gttvtr tt al., PfUL (WA), 78, 5081 (1981) and Wilson tt al., PNAi 
{USA),i9, 3628 (1982). 

In a stcoAd mtthod, calltd 'ollgomtr rtstrlctlon", a 
synthttic tnd-labtltd ollgonucltotldt probt Is tnntaltd In solution to 
tht targtt gtnomic ONA stqutnct and a rtstrlctlon tnzymt Is addtd to 
cltavt any hybrids formtd. This mtthod, tht sptclflclty of which 
dtptnds on tht ability of t bast pair mismatch within tht rtstrlctlon 
sitt to abolish or Inhibit cltavagt. Is dtscrlbtd mort fully by SaUl 
tt al., Rinttchnology, i 1008-1012 (1985). In addition, tho 
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itntltlvUy of thli ttchnlqut aay b« tnhincH by utilizing « 
polyatriit chain rtactlon proctdurt «»i«rt1n tht su^lt 1$ first 
lubjtcttd to trtitmtnt with sptclfic primrt. polytitrito «nd 
nucltotldts to ii^pHfy tht tlgnal for sub$*iqutnt <tttct1on. Th1$ ii 
5 dtscrlbod aort fully ty SaUl tt Scltnct, 230, 13M.13S3 (1985). 

A third Mthod for dottcting anolU variations which Is 
Indtptndtnt of rtstrlctloo sitt po1y«orph1s« utillzts saqutnct- 
sptclfic synthttlc ollgonucltotldt probts. Connor tt al.. PHkS 

(USA). 80, 78 (1983). Thli latttr ttchnlqut has bttn applltd to tht 
10 prtnatal diagnosis of ol-«nt1tryps1n dtflcltncy (Kidd tt aU. »turt. 
304. 230 (1983)) and »-tha1asst^a (Pirastu tt al.. W. Entl. J. Wtd,> 
309, 284 (198 3)). In addition, t^t ttchnlqut has bttn appHtd to 
study tht polynorphlsa of HLA-Otl using Southtm blotting (Angtllnl tt 
al., PKAS. (USA), 83, 4489-4493 (1986)). 

T^t basis for this proctdurt Is that undtr approprlatt 
hybridization conditions a short ollgonucltotldt probt of at Itast 19 
basts (19-mtr) will anntal only to thost stqutncts to which It Is 
ptrftctly matchtd. a slnglt bast pair alsiMtch bting sufflcltntly 
dtstablllzing to prtvtnt hybridization. Tht distinction bttwttn tht 
20 alltllc variants is bastd on tht thtrmal stability of ^ht dupltx 
fomtd bttwttn tht gtnomic ONA and tht ollgonucltotldt (19««tr) probt. 

In addition, ntthods for dtttcting bast pair alsAatchts In 
doublt-strandtd RNA and RN4:0NA htttrodupltm havt bttn dtscrlbtH 
using pancrtatic ribonucltast (RNist A) to dtavt tht 
25 htttrodupltxts. Wiftttr tt al.. (USA), 82:757S-7S79 (1985) and 

Nytrt tt al., Scltnct. 230:1242.1246 (1985). Tht principal dtflcltncy 
of this atthod Is Its Inability to rtcognlzt all typts of bast pair 
■ISMatd^ts. 

loth tht RFLP and ollgonucltotldt probt stability atthods 
30 art rtlatlvtly coapltx proctdurts, rtqulring rtstrlctlon tnzynt 
digtstlon, gtl*fract1onat1on of tht gtnosic ONA, dtnaturatlon of tht 
DMA, IflMblllzatlon of tht ONA tithtr by transftr to a flUtr ttMbrant 
or dtsslcatlon of tht gtl Itstlf, and hybridization of a labtltd probt 
to tht tltctrophorttlcally rtsolvtd array of latoblllztd gtno«1c 
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rtstrlctfon frigr«»nti« Thtit tttpt art ntctstiry, for tht 
olIgoAocltotldf probt itiblllty ntthod, dut to tht coffpltxlt/ of hjnin 
gtnomlc ONA. Rt»tr1ct1o« and tltctrophort«1$ irt ntctssary to 
ttptritt tht targtt stqutnct Cilgnt)-) froit tht rtst of tht gtnont 
3 (•nolit*). and hybridization In tht 9*1 (Intttad of flUtr trmftr) 
It Atctsiary to rttain at Kjch targtt stqutnct at potslblt. Evtn 
thtn« dtttctlon of a signal In a 10 wg sanplt using a high sptclfic 
activity klnastd probt rtqulrts an autoradiographic txposurt of four 
days. 

In addition, tht approach of Conntr tt aU rtqulrts at Uast 
a I9t»r probt for rtasoni of sptclflclty (a shorttr probt would 
hybrldUt to ^rt gtnoiric fragwitnts), as mII as possibly 
stntltlvlty. aorttr probts (t.g.. IStitrs), ho««tvtr, vould show inort 
stqutncf sptclfic discrial nation btcaust a singit alsmatch would bt 
1^ «ort dtstablllxing, 

Thtrt Is a nttd In tht art for a slopllfltd mtthod with 
Inprovtd stnsltlvlty and sptclflclty for dirtctly dtttcting s1ng)f 
bast difftrtncts In nucltic acids such as gtnomic DMA. 

Accordingly » tht prtstnt Invtntlon provldts a mtthod for 
20 dtttcting tlnglt or wltlplt nucltotldt variations In nucltic acid 
stqutnct fro« any sourct, for ust In dtttcting any typt of distast or 
condition. Tht atthod htrtin dirtctly dtttcts tht stqutnct variation, 
tllalnating tht nttd for rtstrlctlon digtstlon, tltctrophortsls, and 
gtl aanlpulatlons othtrvlst rtqulrtd. In addition, tht ntthod htrtin 
25 provldts for Inprovtd sptclflclty and stnsltlvlty of tht probt; an 
Inttrprttablt signal can bt obtalntd with a 0.04 ug sanplt In six 
hours* Thirdly, If tht tMunt of sanpit spotttd on a (teabrant Is 
Incrttstd to 0.1*0,S ug, nof»-1sotop1cal1y labtltd ollgonudtotldts nay 
bt utillztd rathtr than tht radloactlvt probts ustd In prtvlous 
30 Atthods. Finally* tht proctss htrtin Is appllcablt to ust of 
*stqutnct«sptc1f1c ollgonudtotldts Itss than 19^rs In sitt, thus 
allowing ust. of sort d1 serial natory stqutnct-sptclfic 
ollgonudtotldts. 
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Specifically/ th« pntenc invention pTOvides for « 
process for dstoctin9 the presence of e nuclootido varistl n 
in soqoonco in « nucloie acid contained in a sasplo, which 
procoss coflprisssi 

(n) treating the saaple, together or sequentially, with 
four different nocleoside triphosphates, an agent for 
polyeerisation of the niteleoside triphosphates, and tvo 
oligonoeleotide priMrs, for said nucleic acid containing said 
variation under hybridising conditions, such that a priMr 
hybridises to said nucleic acid and an extension product of 
the priBer is synthesised which is cottplesentary to said 
nucleotide variation in sequence, wherein said priMrs are 
selected such that the extension product synthesited froa one 
prisMr, when separated fro« its cospleeent, can serve as a 
teaplate for synthesis of the extension product of the other 
pri»eri 

(b) treating the saaple under denaturing conditions to 
seperate the priMr extension products fros their teeplates; 

(c) treeting the saaple, together or sequentially, with 
said four nucleoside triphosphates, an agent for 
polymerisation of the nucleoside triphosphates, and 
oligonucleotide prisers such thet a priiMr extension product 
is synthesised using each of the single strands produced in 
step (b) as a teaplate, wherein steps (b) and (c) are repeated 
a sufficient nuaber of tiaes to reeult in detectable 
amplification of the nucleic acid containing the sequence 
variation I 

(d) treating the Msbrane under hybridisation conditions 
with a labeled sequence-specific oligonucleotide probe capable 
of hybridising with the aaplified nucleic acid sequence only 
if a sequence of the probe ie cc^lesentary to a region of th 
aaplified sequence; and 
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<•) dtttcting whtther th« pro6« has hybrldlztd to an 
aapllfftd sequence fit the fiucleU icM san^U. 

Steps (b) and (c) are preferably repeated at least fUe 
t1aes» and aort preferably 15O0 tfaes If the sai^ile contains hiMn 
5 9tno^c OKA, If the sa^U co^rlses cells, preferably th«y art 
Nated before step (a) to txpose the nucleic acids thertin to the 
reajents. This step avoids purification of the nucleic acids prior to 
reagent addition. 

In voructeu of this process, tlio prlMr(s) ^n4/or 
10 nucleotide triphosphates art labtled so that tHe rtsulting ai^Mffed 
sequenco Is 1ab«1td« Tho labeled pr1aer(s) and/or nucleotide 
trlphosphate(s) can bt prtsent In the reaction slituro Initially or 
added ^r1n9 a later Qrcle. The sequenc**spec1 f 1c oligonucleotide 
(unlabeled 1a thU vorUcionS is %itiMmi co • actbreae «ad crMCed 
13 under hybridlsAClon coodltlooe vlth cho Ubel^d Mpllflc«cloa produce 
•o ChAC hybrldisACloa will occur only If cho oMbrene-bound ••quonco 
la preecac la the atpllfleecioa product. 

In anothor esibodlmt, the Invention herein relates to a kit 
for detecting tho presence or absence of at least one nucleotide 
20 variation In scqutnce In one or tore nucleic acids contained In a 
sa^le. which kit coe^prises. In packaged form, a ailtlcontalner unit 
having: 

(a) on« container for each oligonucleotide priaer for each 
nucleic acid strand containing each different variation boing 

25 detected* which pHaeris) art substantially coipleiaentary to each 
strand containing each differtnt variation, such that an extension 
product synthtslzed from ont priaer. when It Is separated from Its 
complement* can serve as a template for the synthesis of the extension 
product of tht other primer so as to product ont or tort at^llfltd 

30 nucltic acid stqutnces If tht stquenct varlatlon(s) art prtstnt; 

(b) a contalntr for an agtnt for polymtrlzatlon; 

(c) a container for each of four different nucleotide 
triphosphates; 
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(d) oo« ceataln«r for «ftch Ub«X«4 ••qu«ac»*tp«cifie oll|ooueltoti4« 
cap«bl« ot hybridtslnf vith ttch poaalbU M^taea TarUtlM la th« 4Aplifl«d 
5 aucl«ic acid ta^taeti «ad 

(•) eoQtaia«r(») for raa<«ntc vhieh dauct liybriditatloa ot tha 
probaa to tha aaplifitd M^aaeo, 

la alttrvatlTo forao tha kit my co«prioa tha aacoooary primaf aa4 a 
proba ottaehad ta a Mabr«a« or tha proba aad tha aaabraaa foparttolrt tho 
to latttr for bladiai of tho oaplifioa aualoic acid tharota. 

Xofardiac |«aatie diaaaaoo» vhilo tfU raquiroo a polyvorphie 
rootrlctloo oito to bo aotoclato'd vith tha diooaoa» «oquaaco««pacif ie 
olicoauelootldof dlroctly dotoet tha caaatle loaloo aad oro goaorailr aoro 
uaoful for tho oaalroia of aueh foaotle diooaooa aa hoaoflobla C diaoaaa, 
15 al-aatitrypaia aad ft-thalaaaoaia vhieh raault fro« aiaglo or aultlplo baao 
■utatloaa. la additioa, tho ollfoauclootldoa caa ba uaod to diati&fulah 
botvooa gtaotlc variaati vhieh roproaoat difforaat allalaa (a.|., BU typiog)» 
ladleatlag tho faaaibility of a aaquoaeo-apoeif ie oXigoauclootlda^baaod BLk 
typlag kit. 

20 Tho ton **Buclaotido variatioa la aoquaaca** rafara to aa/ alaglo or 

aultiplo auclootldo aubatitutioaa, dolotioaa or iaaortioaa. Thoao auclootido 
varlatioaa aay bo autaat or poXysorphie aXXoXo varlatioaa. Tharafora« tho 
procoaa horoia caa datoct aiafXo aucXootido ehaagoa ia aueXaic aelda aueh aa 
ocetir la ft-fXobla goaotle dlaoaaaa cauaod by alacXo-baaa auutloaa» additloaa 

25 and doXatlooa (aoao i-thaXaaaoaiaa, aieXo coXl aaaaia. hoaafXobla C dlaaaao, 
ate.), aa vaXl aa anXtipXo-baaa varlatioaa auch aa aro iavaXvod vith 
^thaXaaaottia or aoM i-thaXaaaoaiaa* Tha proeaaa caa aXao dotaet 
paXyaorphiaaa, vhieh aro aot aocoaaarlXr aaaociatad vith a dlaoaaa, but aro 
aaraXr * coaditioa ia vhieh tvo or aora difforaat aucXootido aoquaaeaa 

y> (vhathor haviac aubatitutod, doXotod or iaaartod aucXootida baaa paira) caa 
ajdat at a particuXar aito la tho aueXoic acid la tha popuXatloo, aa vith HIA 
raiioaa of tha bwaa gaaoM aa4 raadoa poXyaorphiaaa auch aa ia aitochoadrlaX 
OKA. Tha poXyttorfhic ao^uoaco-apoclf ic oXi|OBttcXootido proboa doaeribod U 
dotaiX horoiaaf tor aar bo uaod aa foaotic aarkara Xiakod to a diaaaaa auch aa 

35 iaauXla-^opoadoat diabataa or ia foraaale appiicatlaaa. If tha aocXoie acid 
ia daubXo*otraadod, tha aucXootid variatioa ia aa^ioaaca bacottoa a baao pair 
variatioa la ao^oaco. 
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Tht ttr« •ollgonucliotldt* «$ us«d htrtin 1i dtflntd «s i 
■oUcuU co^rlitd of two or aort dooi^rlbonucltotldtt or 
r1bonucltot1dt$» prtftribly nor« thtn thrto. Its met tizt will 
dtptfld on ainy fietori, which In turn dtptnd on tht ultlMtt function 
or ust of^tht oll9onucltot1dt. Tho oll9onucltot1dt My b« dtrlvtd 
synthttlcilly or by cloning. 

Tht ttr» 'prlatr^ is uttd htrtin rtftri to tn 
ollgonucltotldt, whtthtr occurring naturally is In i purlfltd 
rtstrlctlon digtst or productd synthttlcilly. which Is cipiblt of 
acting is i point of Inltlitlon of synthtsis whtn plictd undtr 
conditions in which synthtsis of a prlmr tittnslon product which Is 
coipltAtntary to a nucltic icid strand Is Inductd, l.t,. In tht 
prtstnct of four difftrtnt nucltotldt triphosphitts ind in igtnt for 
pol>mtr1zit1on such is DNA poljftitrast In an approprlatt bufftr 
(*bufftr* Includts pH. Ionic strtngth, cofictors, ttc.) ind it i 
sultiOlt ttfiptriturt. 

Tht prlntr is prtftribly slnglt strindtd for fflaxiniim 
tfflcltncy In inpllflcitlon, but may ilttrnitlvtly bt doublt 
strindtd. If doublt strindtd» tht prlntr Is first trtittd to stpiritt 
Us strinds btfort bting ustd to prtpirt txttnslon products. 
Prtftribly, tht prlntr Is in ollgodtoiqrrlbonucltotldt. Tht primtr 
njst bt sufflcltntly long to primt tht synthtsis of txttnslon products 
In tht prtstnct of tht igtnt for polyntrlzitlon. Tht txict Itngths of 
tht primtrs will dtptnd on nany factors. Including ttt^triturt ind 
sourct of prlntr ind ust of tht ntthod. For txanplt, dtptnding on tht 
conpltxity of tht targtt stqutnct. tht ollgonucltotldt prlntr 
typically contains 15«2S nucltotldts, although it nay contain nort or 
ftwnr nucltotldts. 9^ort prlntr noltcults gtntrally rtquirt lowtr 
tti^traturts to font sufflcltntly stablt hybrid conpltxts with tht 
ttnplatt. 

Tht printrs htrtin art stltcttd to bt 'substantially' 
conpltntntary to tht difftrtnt strands of tach spKlfIc stqutnct to bt 
anpllfltd. This ntans that tht printrs wst bt sufflcltntly 
conpltntntary to hybrldlzt with thtir rtsptctivt strands. Thtrtfort. 
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th« priatr stqutnct nttd not rtf Itct tht tuct ttqutnct of tht 
twpUtt. For fxaiiplt. a non<o«plMnt«ry nucltotldo frigmtnt iMy 6t 
•ttKhtd to tht 5' tnd of tht prlmtr. vlth tht rtmilndtr of tht prlmtr 
itqutnct bt1ft9 co^pltMtntary to tht strand. Typically, tht primtrs 
5 havt tiact cotplt^tntarlty to obtain tht btst dtttctlon rtsults. 

Tht ttni *ttqutncf«ptc1ffc ollgonucltotldts* rtftra to 
ollgonucltotldts which will hybridist to tptclfic ttqutncts. whtthtr 
or not contalntd on alltltt i*h1ch ttqutncts span tht nticltotldt 
variation bting dtttcttd tnd art sptclfic for tht stqutnct variation 
10 bting dtttcttd. Otptndlng on tht stqutncts bting analyztd, ont or 
wort stqutncfsptclfic ollgonucltotldts «ay bt toploytd for tach 
stqutnct, as dtscrlbtd furthtr htrtlnbtlow. 

As ustd htrtin, tht ttr« 'thtrnostablt tnzymt* rtftrs to an 
tnxymt which is stablt to htat and Is htit rtslstant and catalyzts 
IS (facllltatts) combination of tht nucltotldts In tht proptr manntr to 
form tht primtr txttnslon products which art co^plmntary to tich 
ftucltic acid strand. Gtntrally, tht synthtsis will bt Inltlattd at 
tht 3' tnd of tach primtr and will procttd In tht S' dirtctlon along 
tht ttf^latt strand, until synthtsis ttrwinatts. producing moltcults 
20 of difftrtnt Itngths. Thtrt may bt thtnwstablt tnzymts. howtvtr. 
which Inltlatt synthtsis at tht 5' tnd and procttd In tht othtr 
dirtctlon, using tht saiat proctss as dtscrlbtd abovt. A purlfltd 
thtmestablt tnzym^ Is dtscrlbtd niort fully In Exaoplt V!II 
htrtlnbtlow. 

25 Tht prtstnt Invtntlon 1$ dirtcted to a proctss for 

amplifying any ont or mort sptclfic nucltic acid stqutncts (as dtflntd 
htrtin to contain ont or mort nucltotldt variations) susptcttd of 
/ bting In ont or mort nucltic acids. 

In gtntral, tht prtstnt proctss Involvts a chain rtactlon 
30 for producing. In txpontntlal quantltlts rtlatlvt to tht ntjubtr of 
rtactlon sttps Involvtd, at Itast ont sptclfic nucltic acid stqutnct 
givtfi (a) that tht tnds of tht rtqulrtd stqutnct art known In 
sufflcltnt dttall that ollgomicltotldts can bt synthtslztd which will 
hybrldixt to thtm, and (b) that a small vtount of tht stqutnct Is 
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• villibU to Inltiatt tht ch«1n rtmlon. Tht pro^ct of tht chain 
rtietlon will b« • dlicrttt nuclole add dupUi vfth ttralnl 
corrtsponding to tho tndi of tht tptclfle primn taploytd. 

Any nucltic acid. In purif1t4 or nonpuru'fod fora, can ot 
5 utlllzod as tht starting nucltic acid or adds, provldtd It Is 
susptcttd of containing tht stqutnct btlng dtttcttd. Thus, tht 
proctss «ay tf^ploy, for txaoplt, ONA or RNA, including Msstngtr «NA, 
Mtilch DNA or RMA My bt slnglt strandtd or doublt strandtd. In 
addition, a ONA«RNA hybrid which contains ont strand of tach aay bt 

10 utilixtd. A aixturt of any of thtst nucltic acids My also bt 
tsplpytd, or tht nucltic acids productd fro« a prtvlous simplification 
rtactlon htrtin using tht samt or difftrtnt priMrs My bt so 
utlllztd. Tht sptclfic nucltic acid stqutnct to bt anpllfltd My bt 
only a fraction of a largtr aoltcult or can bt prtstnt Initially as a 

15 discrttt Moltcult, so that tht sptclfic stqutnct constltutts tht 
entirt nucltic acid. 

It is not ntctssary that tht stqutnct to bt ainpllfltd bt 
prtstnt Initially In a purt font; It My bt a tlnor fraction of a 
conpltx aixturt, such as a portion of tht l*glob1n gtnt contalntd in 

20 wholt huMn ONA, or a portion of nucltic acid stqutnct dut to a 
particular aicroorganlsm which organism Might constltutt only a vtry 
talnor fraction of a particular biological sanplt. Tht starting 
nucltic acid My contain Mort than ont dtslrtd sptclfic nucltic acid 
stqutnct which My bt tht ssm or difftrtnt. Thtrtfort, tht prtstnt 

25 proctss is ustful not tfnly for producing largt aiaounts of ont sptclfic 
nucltic acid stqutnct, but also for aaipllfylng slmjltantously Aort 
than ont difftrtnt sptclfic nucltic acid stqutnct locattd on tht samt 
or difftrtnt nucltic acid aoltcults If aort than ont of tht bast pair 
variations In stqutnct Is prtstnt. 

30 Tht nucltic acid or acids My bt obtalntd fro« any sourct, 

for txaaplt, fro« plas^ids such as pSR322, from clontd DNA or RNA, or 
from natural DNA or RNA from any sourct. Including bacttria, ytast, 
vi rusts, orgintlUs, and hightr organisms such as plants or aniMls. 
DNA or RNA My bt txtracttd from blood, tissut Mttrial such as 
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chorionic villi or miotic colli by • virloty of tichftlqyti luch «i 
thU dtiCfINd by Hinlitlt ot al.. Wteulir aaninn (1982), 280«281. 

Tht ctlls My bo diroctly uso4 vlthout purlflcKlon of tho 
nucltic odd If thoy art tusptndtd In hypotonic bg'for «nd htittd to 
5 about 90*IOO^C, until ctll lyila and disporslon of Intractllular 
co«pontnt$ occur, gtnorally about 1 to IS alnutts. Aftar tha halting 
stop tha anpllflcatlon rtagantt «ay bo addod diroctly to tha lysad 
calli. Thli dirtct call datactlon «othod My ba uiad on parlpharal 
blood lynphocytai and lanlocytas. 

^0 Any sptclfic nudalc acid laquonca can bo ampllflad by tha 

prasont procass. It It only nactiiary that a lufflclant njubor of 
basai at both ands of tha laquanca bt known In tufflclant datill so 
thit two ollgonuc loot Ida priMrs can bo pr%p^r94 which will hybrldlza 
to diffarant strands of tha daslrad so^uonca and at ralitlva positions 
along tha saquanca such that an axtanslon product synthaslzad f ro» ona 
primtr, when It Is saparatad from Its taaplata (coaplamant)» cm sarva 
as a tampla^a for aitanslon of tht othar priMr Into a nuclaic icid of 
daflnad langth. Tha graatar tha ttnowladga about tha basis it both 
ends of the sequence, the greater can be the spaclflclty of the 

20 prlners for the target nucleic acid sequence, and thus the greater the 
efficiency of the process. 

It will be understood that the word 'prlner* is used 
hereinafter My r^fnr to nora than one prlaer, particularly In the 
casa where there Is som anblgulty In the InforMtlon regarding the 

25 tenalnal saquence(s) of the fragment to be anpllflad, Tor Instance* 
In the cast where a nuclaic acid sequtnce Is Inferred fro« protein 
sequence InforMtlon, a collection of priMrs containing sequences 
represtnting all posslblt codon variations based on deganericy of the 
genetic code will be usad for each strand. One priMr fro« this 

30 collection will be homologous with the and of the desired sequence to 
be aapllfltd. 

The oligonucleotide priMrs My be prepared using any 
suitable aethod, such as* for axaflplt* the organic synthesis of a 
nucleic acid fro« nuclaoslde derivatives. This synthesis My be 
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ptrformtd ifl solution or oa « solid support. Ono t/pt of organic 
synthtsis is tht phosphotrltsttr ^tthod. which has b«tn utillztd to 
prtpsrt gtnt frigiionts or short gtnts. In tht phosphotrltsttr atthod. 
ollgonucltotldts art prtpirtd thtt can thtn bt Jolntd togtthtr to form 
5 lon^tr mjcltic tclds, Tor t dtscrlptlon of this <wthod« stt lUnng. 
A., tt tU, Wtth. Intm}}.. 68, 90 (1979) and U.S. Pittnt Mo. 
4.356,270. Tht pattnt dtscrlbts tht s/nthtsis and cloning of tht 
soaatostatin gtnt* 

A stcond typt of organic s/nthtsis Is tht phosphodltsttr 
10 atthod, which has bttn utillztd to prtpart a tRNA 9tnt. Stt »rown» E. 
I., tt a1.. Wtth. Enxyw9l^, 109 (1979) for a dtscrlptlon of this 
•tthod. As In tht phosphotrltsttr atthod, this phosphodltsttr latthod 
Involvts synthtsis of ollgonucltotldts that art substqutntly jolntd 
togtthtr to form tht dtslrtd nueltic acid. 

15 Autoaattd tffbodlatnts of thtst ntthods may also bt 

tmploytd. In ont such automattd tmbodlmtnt, d1tthylphosphor»«1d1tts 
art ustd as starting nattrlals and nay bt synthtslitd as dtscrlbtd by 
Btauca9t tt al., Tttrahtdron Utttrs (1981), 27:1859.1862. Ott ntthod 
for synthtslzing ollgonucltotldts on a nodlfltd solid support Is 

20 dtscrlbtd In U.S. Pattnt No. 4,458,066. It Is also posslblt to ust a 
priatr which has bttn Isolattd froa a biological sourct (such as a 
rtstrlctlon tndonucltast digtst). 

Tht sptclfic nucltic acid stqutnct Is productd by using tht 
nucltic acid containing that stqutnct as a tMplatt. If tht nucltic 

25 acid contains two strands, it Is ntctssary to stparatt tht strands of 
tht nucltic acid btfort It can bt ustd as tht ttvptatt, tithtr as a 
stparatt sttp or sliultantously with tht synthtsis of tht prlatr 
tittnslon products* This strand stparatlon can bt tccoflpllshtd by any 
sultabit dtnatur1n9 atthod Including physical, chtslcal or onz^natlc 

30 atans* Ont physical atthod of stparating tht strands of tht nucltic 
acirinvolm htating tht nucltic acid until It is co^ltttly (>99S) 
dtnaturtd. Typical htat dtnaturttlon My InvoWt tti^raturts ranging 
froa about 80 to 105*C for tiats ranging froa about 1 to 10 ainutts. 
Strand stparatlon aay also bt Induetd by an tnzyat froa tht class of 
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truywts knotn at h«Hcat«i or tht wym% RtcA, which hn htl1ci$t 
•ctivlty and In tht prtstnct of rlboATP It known to donaturt OKA. Tht 
rtaction condltiont tuUabla for ttparating tht ttrandt of nucltlc 
acldt with htllcattt art dttcrlbtd by Kuhn uf ftaann*Btr11n9. CSH» 
} ftjantitatlvt Biology. 43:63 an4 ttchnlqutt for utlng RtcA art 

rtvitwtd in C, Radding* Ann. Itv. fltnotigt^ l£:405O7 (1982). 

If tht original nucltie add containing tht itqutnct 
variation to bt a^llfitd it tingit ttrandtd, itt coa^lMnt 1$ 
synthttixtd by adding ont or two oligonucltotidt priatrt thtrtto. If 

10 an appropriatt tlnglt pr1«tr it addtd» a priatr ttttntion product it 
tynthttiztd in tht prtttnct of tht priatr, an agtnt for 
polyntritation, and tht foyr nucltotidt triphotphattt dttcribtd 
btlow. Tht product will bt partially coa^lvatntary to tht tingl#> 
ttrandtd nucltie acid and will hybridiit with tht nueltic acid ttrand 

13 to form a dupltx of untqual Itngth ttrandt that nay than bt ttparittd 
Into tingit ttrandt at dttcribtd ab0¥t to product two tlnglt ttparattd 
coapltatntary ttrandt. Alttrnativtly» two appropriatt priatrt may bt 
iddtd to tht tingltttrandtd nucltie acid and tht rtaction carrltd 
out. 

^0 If tht original nucltlc acid conttituttt tht tntirt taqutnct 

variation to bt anplifltd, tht printr txttntion product(t) productd 
will bt conpltttly co^ltfltntary to tht ttrandt of tht original 
nucltie acid and will hybridixt thtrtwith to font a dupltx of tqual 
Itngth ttrandt to bt ttparattd into tinglt-ttrandtd «oltcultt« 

25 ^ Uhtn tht coApltMtntary ttrandt of tht nucltie acid or acids 

art ttparattd, whtthtr tht nucltie acid wat originally doublt or 
tingit ttrandtd, tht ttrandt art rtady to bt uttd at a tt«platt for 
tht tynthttit of additiontl nucltie acid ttrandt* This tynthttit can 
bt ptrforatd uting any tuitablt atthod. Gtntrally it occurt in a 

30 bufftrtd aqutout totution, prtftrably at a pH of 7*9, aott prtftrably 
about 8. Prtftrably, a aolar txctss (for elontd nucltie acid, utually 
about 1000:1 pr1atr:tt«^latt, and for gtno«ie nucltie aeld, utually 
about 10^:1 priatrrttflplatt) of tht two oligonucltotidt priMrt it 
addtd to tht bufftr containing tht ttparattd tti^latt ttrandt. It it 
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undtrttood, howtvtr, mt tht Mount of coipltttintary ttrind My not 
bt known If tht proctst hortin It ustd for d1i9nott1c ipplfeatlons, to 
th«t tht AAOunt of ppiatr rtlltlvt to tht Mount of con^YtMntiry 
itrand ctnnot bt dtttralntd vith ctrtalnty, h a practical Aatttr» 
5 howtvtr, tht aaount of primr addtd will gtntrally bt In vlir txctss 
ovtr tht awunt of coffpltntntary ttrand (tttnplatt) whtn tht stqutnct 
to bt topllfltd It contalntd In a «1xturt of co«^11cattd Ton^chtln 
nucltic acid ttrandt. A largt aoUr txcttt It prtftrrtd to Inprovt 
tht tfflcltn^ of tht procttt. 

10 Tht dtoiQrrlbonucltotldt triphotphatts dATP, dCP, d6TP and . 

TT? art tito addtd to tht tynthttit alxturt In idtquttt aaountt and 
tht rttuUIng tolutlon It htattd to tbout 9C-I00*C for froa tbout I to 
10 fllnuttt, prtftrably fro« I to 4 ulnuttt. Afttr thit htating ptrlod 
tht tolutlon It tllowtd to cool to roos ttfl^traturt» which It 

13 prtftrablt for tht prlAtr hybrldltatlon. To tht cooltd alxturt It 
addtd tn agtnt for polymtr1zat1on» and tht rtactlon It allowtd to 
occur undtr condltlont known In tht art* Thit tynthttit rttctlon ouy 
occur at froai roon ttnptraturt up to i tti^traturt abovt which the 
Inducing agtnt no longtr function! tfffcltntly. Thut, fortxaniplt. If 

20 «n E, coll DMA polymtratt It uttd as agtnt for polymtrlzatlon, tht 
ttNiptraturt It gtntrally no grtattr than about 40*C. Hott 
convtnltntly tht rtactlon occurt at roo« tat^traturt. 

Tht agtnt for polyiatrlzatlon of tht nucltotldt triphotphattt 
My bt any confound or tytttfi which will function to accof<pl1th the 

23 tynthetit of priMr txttntlon products. Including tnzyiitt. Suitable 
tnzyMt for thit purpott Includt, for txan^lt, E> coll DHA Polymrate 
I» Mtnow fragMnt of E, coll OKA po1>Mratt I, T4 OHA pol^vratt, 
othtr aval labia OKA polyntrattt* rtvtrtt trantcrlptatt* and othtr 
tnz>Mt, Including htat-stabit tnzyMt, which will faclHtatt 

30 coflblnatlon of tht nucltotldts In tht proptr Mnntr to for« tht priMr 
txttnslon productt which art co«p1aMntary to tach nucltic acid 
ttrand. Gtntrally, tht tynthttit will bt Inltlattd at tht 3' tnd of 
tach priMr and proceed In tht S* dirtctlon along tht ttaplatt ttrand, 
until tynthttit ttnalnattt, producing Mltcultt of difftrtnt 

35 lengths. There My be agents, however, which Inltlatt synthtsis at 
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tht $• tfld tni proc«id in th« oth.r dlrtetlo«. uting tht tvm procttt 
•t d«ieribtd tbovt. 

Tht nwly synthtsKtd strand ind Its evivlmntiry nucltU 
•cid ttrind fona • dogbU^trindtd Mlaeult «h1eh It usad In tht 
5 fueettding sttps of tht proctfs. 1„ tht nt.t «ttp, tht itr.nds of tht 
doubt tttrindtd witeult irt stptrtttd using any of tht proctduras 
daserlbtd abovt to provldt stngla-strandtd aoltcults. 

Ma- nueltic add Is synthasliad on tha tlngla^trandtd 
Mltcults. Additional agtnt for poly^rljatlon, nuelaotldtt and 
priMrs nay bt addtd If ntctssary for tht rtaetlon to proettd undtr 
tht conditions prtserlbtd abo«t. Again, tht synthasis .111 bt 
Inltlattd at ent tnd of tht ollgonueltotldt priatrs and «in proettd 
along tht singit strands of tht toi^lata to produca additional nucltle 
acid. Aftar this sttp. half of tht txttnslon product will consist of 
tht sptclfic nudtlc acid stqutnct boundt<« by tht two prii^rj. 

TT»t sttps of strand stparatlon and txtanslon product 
synthasis can bt rtptattd as of tan as natdtd to product tht dtslrtd 
quantity of tht sptclfic nucltle acid sequtnct. As «in bt dtscrlbtd 
In furthtr dttall btlw. tht amount of tht sptclfic nucltle acid 
20 stqutnct productd will accunilatt In an tspontntlal fashion. 

Whtn It Is dtslrtd t » product aert than one specific nucltle 
acid stqutnct fro« tht first nudtlc add or aliturt of nucltle acids, 
tht approprlatt nuabtr of dlfftrtnt ollgonudtotldt prlatrs art 
utllUtd. for txaaplt. If two dlfftrtnt sptclfic nudtlc add 
23 stqutnets art to bt productd. four prlatrs art utlllztd. Tw of tht 
prlatrt art sptclfic for ont of tht sptclfic nudtlc add stqutnets 
and tht othtr two prlatrs art sptclfic for tht stcond sptclfic nucltle 
add stqutnct. In this aanntr. tach of tht t«o dlfftrtnt sptdfic 
stqutnets can bt proAictd tipontntlally by tht prtstnt preetss. 

30 Tht prtstnt Invtntlon can bt ptrforwd In a sttp-«ist 

fashion «htrt afttr tach sttp ntM rtagtnts art addtd. or 
slMjltantously. whtrt all rtagtnts art addtd at tht Initial sttp. or 
partially sttp-«1st and partially slwltanteut, whtrt frtsh rtagtnt Is 
addtd afttr a gIvtA nuabtr of sttps. If a atthod of strand 
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ttparatlon, such u htat. Is ttiploytd which vlll Inictlvitt tht 
Inducing ag«nt. as In int cast of a htat*Ub11t ani>««, than It It 
ntctssary to rtplanlsh tht agtnt for polyatrlzatlon aftar tvtpy strand 
stparatlon sttp. Tht sli^jltantous atthod aay 6t utIlUtd «han an 
^ tnxymatic atans Is ustd for tht strand stparatlon tttp. In tht 
sl^iltantous proctdurt» tht rtactlon alxturt My contain, tn addition 
to tht nucltic acid strand(s) containing tht dtslrtd stqutnct, tht 
strand-stparating tnxymt (t.g., htllcast). an approprlatt tnargy 
sourct for tht strand-stparating tnzymt, such as rAP. tht four 
10 nucltotldts. tht ollgonucltotldt priMtrs In wlar tictst» and tht 
inducing agtnt, t.g.* iCltnow fragntnt of I. coH DNA Polymtrast I. 

If htat Is ustd for dtnaturatlon In a sinvltantous proctss* 
a htat*stablt tnzymt such as a thtrmostablt polyntrast may bt tuploytd 
which will optratt at an titvattd ttfiptraturt, prtfarably 6S«90*C 

13 dtptnding on tht agtnt for polymtrl ration, at which tt^upcraturt tht 
nucUlc acid win consist of slnglt and doubit strands In 
tqulllbrlum, for smalltr Itngths of nuclalc add, lowtr tan^traturts 
of about SO*C may bt mploytd. Tht upptr ttfiptraturt will deptnd on 
tht ttfiptraturt at which tht tnzymt will dtgradt or tht tenptratart 

20 abovt which an Insufflcltnt Itvtl of prlmtr hybridization will 
occur. Such a htat*stab1t tnzymt Is dtscrlbtd, t.g.t by A, S. Kaltdin 
tt aU. Blokhlalya, 45^ 644-6SI (1980). Each stap of tht procass will 
occur stqutntlally notwithstanding tht Initial prtstnct of all tht 
rtagtnts. Additional «attr1a1s nay bt addtd as ntctssary. Afttr tht 

25 approprlatt Itngth of t1«t has passtd to product tht dtsi red amount of 
tht sptclfic nucltic acid stqutnct» tht rtactlon may bt hiUtd by 
Inactivating tht tnzyitts In any known nanntr or stparating tht 
coopontnts of tht rtactlon. 

In an alttmatlvt mtthod using a thtmostablt tnzymt, In 
30 sttp (a) tht pr1mtrt» tnzywt and nucltotldt triphosphatts art 
contacttd with tht nucltic acid saoplt* In sttp (b) tht mixturt is 
contacted with tht tnzywt. In sttp (c) tht mixturt Is htattd for an 
tfftctlvt timt and at an tfftctlvt ttaptraturt to proaott tht activity 
of tht tnzymt, and to synthtslzt, for tach difftrtnt stqutnct bting 
33 aip11f1td,.an txttnslon product of tach prlmtr which Is coa^ltmtntary 
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to tich nucltic icid strand ttinplitt, but not so high is to stp«r«tf 
t«ch txttnslon product fro« Us cooiplemtnt a ry strand ttfl^latt. 

In sttp (d) tht Mlxturt 1$ htattd for an tfftctlvt tint and 
at an tfftctlvt twptraturt to stparatt tht prlatr mansion products 
5 from tht tr^latts on which thty wtrt synthtslztd to product single- 
strandtd Aoltcults, but not so high as to dtnaturt tht tnz/ne 
Irrtvtrslbly. In sttp (t) tht alxturt Is cooltd for an tfftctlvt tint 
and to an tfftctlvt ttflptraturt to pronott hybrldlxatlon of tach 
priMtr to tach of tht s1ng1t*strandtd noltcults productd In sttp 

10 (d). F1n«ny» In sttp (f) tht Alxturt Is htattd for an tfftctlvt timt 
and to «n tfftctlvt tt«nptraturt to pronott tht tctlvlty of tht tnzymt 
and to synthtslzt, for tacn difftrtnt stqutnct b«1n9 anpllfltd, an 
txttnslon product of tach prlmtr which Is conp1tfl«nttry to tach 
nucltic acid strand ttnplatt productd in sttp (d)» but not so high as 

13 to stparatt tach txttnslon product from Its conplt^ntntary strand 
tttnplatt, whtrt sttps (t) and (f) may bt carried out simultintousty or 
stqutntlally. 

A prtftrrtd thtrmostabit tnzymt which may bt toiploytd In tht 
proctss htrtin Is txtr'acttd and purlfltd from Thtraus aquatlcus and 
20 has t moltcular wtlght of about 86,0O0»9O,OOO dtltons. This tnzymt Is 
mort fully dtscrlbtd In Extoplt VIII htrtlnbtlow, 

Tht proctss of tht prtstnt Invtntlon may bt conducttd 
continuously. In ont prtftrrtd tmbodlmtnt of an automattd proctss 
whtrtin a thtrmostabit tnzymt Is tfipl^td, tht rtactlon may bt cycltd 

25 through a dtntturing rtglon, a primtr annttling rtglon, and a rttctlon 
rtglon. In anothtr tmbodlmtnt, tht tnzymt ustd for tht synthtsis of 
primtr tittnslon products can bt iMnobUlztd in a colutn. Tht othtr 
rttctlon coflpontnts can bt continuously circulattd by a ptftp through 
tht colMi and a httting coll In strlts, thus tht nucltic acids 

30 productd can bt rtpttttdly dtnaturtd without Intctlvttlng tht tnzymt. 

In ont prtftrrtd tmbodlmtnt tvtn whtrt t thtrwsttblt tnz/it 
Is not tfl^l^td and tht ttn^traturt Is ralstd and lovtrtd* ont such 
Instrtfttnt Is an tutomattd mtchint for handling tht amplification 
rtactlon of this invtntlon. 8r1tfly» this Instnmnt utillzts a 
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liquid h*„dU«9 syit.- und.r eon,ut.r control to Mk« liquid tr.„,f,„ 
of •r^xym ,tor.d «t * eontrolltd tw.tur, l„ . first r,copt*cU 
into • second r«ctpt«e1« »hoi« te^.r.tur. 1, eontrolltd by th 
co^uttr to confom to . c.rt.tn lnc«6.tlon profflo. Th, „cond 
3 r.ctpt«cl, storts tht nucUle .c(d .*,«•««•(,) to b« upHflod plui 
tht nucUotldt trfphosphitts and prlfitrs. 7h# eo^ttr l«cludtf * 
ustr lnt,rf,et through »Mc)i . «,.r can .nttr procts, p.ru.t.r, which 
control tht eh«r«ettMtt1es of tht miens tttps In tht «^»nrie<tlon 
seqvenct such ts tht t1.ts «nd tti^trUurt, of lncub*tlo«. tht ..ount 
*<' of enzjpe to transftr, ttc. 

A prtftrrtd Mchtnt which ty bt ti^loytd which Is 
sptclfleally tdapttd for ust with t thtmostabit en2>^ utlllrts 
t«ptr.turt cycling -Uhout « liquid handling systt. btciust tht 
enzjf«t nttd not bt tr.nsftrrtd at tvtry cyelt. Srltfly, this 
InstnMtnt consists of tht following systev: 

I. A htat -conducting centalntr for holding a given nu>ber 
of tubes, preftrably 500 ul tubes, which contain the reaction .i.ture 
of nucltotldt triphosphatts. prlatrs. nucltic acid stquencts. and 
tnzym*. 
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2. A wans to heat, cool, and Maintain the heat-conducting 
container abovt and btlow reoa teavtraturt. which wafls has an Input 
for rtctlvlng a control signal for controlling which of tht 
tt^raturts at or to which tht centalntr Is htattd. cooltd or 
Mlntalntd. (This My bt Ptitltfntat pwps avallabU froa Nattrlals 

2i Citetronlcs Products Corporation in Trtnten, N.J. or a wattr htat 
exchangtr. ) 

3. A ce^puttr atans (e.g., a alcroprocessor controlltr), 
coupled to tht Inptt of said aeans. to gtntratt tht signals which 
control autOMtlcally tht aapllflcatlon stqutnct, tht tet^erature 

30 Itvtls, and tht tti^raturt racing and tialng. ^ 

Tht prtstnt lAvtntton Is dcnonstrated dtagraoMtlcally btlow 
-htrt dogblt-strandtd ONA containing tht dtslrtd stqutnct [S] 
co^irlstd of co^ttMAtary strands [$♦] and [$*] is utillxtd as tht 
nueltlc acid. Airing tht first and each substqutnt rtactlon cyclt 
* Trade Hark 
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txttn$lon of nch ollgonucUotldt primer on tht orlglniV tt«pUtt will 
product ont nw ttOHA molteult product of Indtflnltt Itngth which 
ttrmlnius with Oftly ont of tht prlMtrs. Thtst products, htrtifttr 
rtftrrtd to u 'long products/ win iccumuUtt m « llntar fishlon; 
3 thit 1s» tht amount prtstnt tfttr iny nunbtr of cyclts will bt 
proportional to tht nunbtr of cyclts. 

Tht long prodjctt thus productd will act as ttn^latts for 
ont or tht othtr of tht ollQonucltotldt priiitrs during substqutnt 
cyclts and will product Aoltcults of tht dtslrtd stqutnct [$*] or [$•] 
10 Thtst noltcults ■ill also function as ttnplatts for ont or tht othtr 
of tht oligonucltotidt priatrs, producing furthtr C$^) and and 
thus a chain rtactlon can bt sustalntd which will rtsult In tht 
accuflulatlon of C$1 at an tipontntiti ratt rtlatlvt to tht nutbtr of 
cyclts. 

13 By-products fortstd by oligonucltotidt hybridizations othtr 

than thost Inttndtd art not stlf <atalyt1c (tictpt In rart Instancts) 
and thus accumulatt at a llntar ratt. 

Tht sptcific stqutnct to b« ampllfltd, [S], can bt dtpUttd 
diagranmatlcally as: 

20 CS*] 5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 

CS*1 3' mnnTTTYYYTYYmYGGGGGGGGGG 5' 

Tht approprlatt oligonucltotidt primtrs would bt: 

Primtr 1: GGG6G6GG6G 
Priatr 2: AAAAAAAAAA 

23 so that if DNA containing [S] 

. . •.izzzzzzzzzzizzzz^AAAAAAAAAXXtXXXtXXKCCCCCCCCCzzzitzzzizizzzzz.. . . 
....2WZ2zmmz«2TTmTTTnYYYYYYYTYYGGGGG6GGGGimz««2Z2Z«i...* 

Is stparattd Into slnglt strands and Us slnglt strands art hybrldlztd 
to Priatrs 1 and 2» tht following txttnslon rtactlons can bt catalyzed 
30 by DMA polyntrast In tht prtstnct of tht four dtoi^rlbonucltosldt 
triphosphatts: * 
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•«ttnd$^ GGGCGGCGGG Pritf^r 1 

. . . .zz2Xz«zzxzzxx2zAAAAAAAAAAXXXXXlxnxcCCCCCCCCCz«zxz«zzznzrz . . • . 
original ttnpUtt strand^ 

original ttfl^litt strand* 

5 • • . .zzzxxxxzxxxxxxxxTTnTTTTTTTtYTYYYYYYaWGGGGGCGzzzzzzzzzzzrzzzz. . . . 

Prlntr 2 AAAAAAAAAA- >txtfnd$ 



On dtnaturatlon of tht two dupltxts fonatd* tht products irt: 

3- 5' 
10 .... ZZZZZZZZZZZZZZZZTTTTTTTTTTYYYYYYYYYYGGGGG(;(iGCC 
nt«ly synthtslztd long product 1 

5" 3. 

....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzrzzzzzzzzzzzzzz.... 
original tefplatt strand^ 

15 ]• 5. 

. . . .zzzzxzzzzzzzzzzzTTTTTTTmYYYYYYYYYYGGGGGGGGGGizzzzzzzrzzzzzzz • • • . 
original twiplatt strand* 

AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCxxxxxzzzzzzzzzzz. . . . 
nawly synthesized long product 2 

If these four strands are allowed to rehybrldize with Priteers I and 2 
In the next cycle, the agent for polymerization will catalyze the 
following reactions: 



Primr 2 5' AAAAAAAAAA ^ extends to here 

.ZZXmxxxxxzxxzxxxTTrrTTTTTTYYY Y YYYYYYGGGGG66GGG 5 * 
' synthesized long product 1 

extends f ' ^GGGGGGGGGG S' Privr I 
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5'....mm2XmzziAAAAAAAAAMXXXXXIXIXCCCCCCCCCCxzmzimzilz.^ 
orl9lni1 tmpUtt itriAd 

Primr 2 S' AAAAAAAAAA ^ tutnds 

3*.,..zzzzzzzzzzzzzzzzzzTTTTTTTTTTYmYYTyYGGGGGGGCr'iGzzzzzzzzzz 5' 
5 original ttupUtt itrind* 

•ittftds to htrt< — GGGGCCGGGG 5' Primr I 

5- AAAAAAAAAAXXXXXXXnaCCCCCCCCCzzzzzzzzzzzzzzzz. .3* 
ntwly synthtslztd long product 2 

If tht »tr«ndi of tht ibovt four dupltm art stparattd. tht following 
10 strands art found: 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3* 
ntwiy tynthtslztd [S ] 

3'..,.ZZXZZZZZZZ2ZZZZZZZZTTTTTTTTTTYYYYYYYYYYCGGGCGGGGG 5* 
first c/cit sjrnthtslztd long product 1 

15 3* • . , .ZZZZZZZZZZZZZZZZZZZTTTTTTTYTTYYYYYYYYYYGGGGGGGGGG 5* 
ntwly synthaslztd long product 1 

S * . . . .zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz . . . .3 ' 
original templatt strand 

5 • AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz . . .3 ' 
ntwiy synthtslztdlong product 2 

3*..zzzzzzzzzzxzzzzTTnTnTnYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz...5' 
original ttaplatt strand* 

3* rrriTTnnYYYYYYYYYYGGGGGGGGGC 5* 
ntwly synthtslztd CS') 

25 5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZZZZZZZZZZZZZZ...3* 

first cycit synthtslztd long product 2 

It Is sttn that tach strand which ttmlnatts with tht 
oHgoAucltotldt stqutnct of ont prlatr and tht coflpltatntary stqutnct 
of tht othtr Is tht sptclfic nucltic acid stqutnct [S] that Is dtslrtd 
30 to bt productd, 

Tht sttps of this proctss can bt rtptattd 1ndtf1nUt1y» 
bting llalttd only by tht mount of Priiatrs 1 and 2. agtnt for 
polymtrlzatlon and nucltotldts prtstnt. Tht anount of original 



20 



1284931 

21 

nucUlc icid rt«a1ns eonttm In th« tntlrt proctss, btcaust It It not 
rtpHeittd. Tht mount of tht long products Incrtists llnttrly 
btcaust thty art productd only fro« tho original nucltic add. Tht 
amount of tht sptclfic stqutnct Inertattt txpc.*tnt1a11y. Thus, tht 
S sptclfic stqutnct will btcomt tht prtd^alnant sptclts. This Is 
lllustrattd In tht following tab1t» «Mch Indlcatts tht rtlatWt 
anounts of tht sptclts thtorttlctlly prtstnt afttr n cyclts, asst^lng 
1001 tfflcltncy at tach cyclt: 



Nuftbtr of Ooublt Strands 

10 Afttr 0 to n Cyclti 

Long Sptclfic 

Cyclt Hunbtr Ttwolatt Products Stqutnct CS] 

0 1. 

1 11 0 
15 2 1 2 1 

3 13 4 

S 15 26 

10 1 10 1013 

15 1 15 32.752 

20 20 1 20 1,048,555 

n 1 n (2'*«n-l) 



Uhtn a singlfstrandtd nucltic acid Is utilized as tht tetuplatt, only 
ont long product is foratd ptr cyclt. 

Tht dtslrtd amount of cyclts of this rtactlon will dtptnd 
23 on» t.g«, tht naturt of tht samplt. Ft«tr cyclts «111 bt required If 
tht sanplt bting analyxtd is purt. If tht sanplt Is a co«pltx mixturt 
of nucltic acids* aort cyclts will bt rtqulrtd to aaipllfy tht signal 
sufflcltntly for It to bt dtttcttd by tht ntthod htrtln. For human 
gtnomic ONA prtftrably 15-30 cyclts art carrltd out to amplify tht 
30 stqutnct sufflcltntly that a dtarly dtttctablt signal Is produced 
(I.e., so that background nolst dots not Inttrftrt «1tH dtttctlon). 

In oft« tmbodlmtnt of tht Invtntlon htrtin* tht anpllfltd 
samplt susptcttd of containing tht stqutnct variation* whtthtr 
rtsuUIng from canctr, an Inftctlous distast* a gtnttlc distast, or 
35 Just normal gtnttlc polymorphism* Is spotttd dirtctly on a strlts of 
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-«6r.n,, .m. Mch ^r.n. 1, hy6r1d1„d .Ith . d,ff,r,„t l.b.l,<, 
.J»q«.nc.. ,p.e1f1c oHjonucl.otld. prob.. 0«. pro<,d„r, for ,pottl«, 

»«Mreh. i:l54I.l$$2 (1979). ^ 

* >ri.ny. tht DM ,ffu.d f th. ^r.„, .m, b. 

pr.trt.ttd .1th . prthjftrldlmion .olutlon cont.lnln, ,o<llu« dod.cyl 
.ulf.t.. fleoll. t.rym .1bu.1n m „Mou. ult, prior to th« prob. 
b«»«9 Th.«. « Ubolod Oll90«ucl.otldo prob. ^icH it iptclftc 

to ..eii »•<,«.«« to b« dotoctod 1. .ddtd to . hybrldlMtl*. .olution 
10 sIMI.r to th. pr.hj^rldlmlo« .ol«tlo«. Th. l.,trld1x.tlo« Mlut1o« 
If ippltH to th. •Mbr.ft. .„d th. ^r.«« 1, ,ubj.et*« to 
hybr1d1«tlo« conditions thit .rin d.p.fld on th. prob. typ. ind 
Loflth. tjrp. and eoflcntrttlo* of lngr.d1.nti. .tc. (!.n.riny, 
hybrldlmlon It eirrIM out it ibout 2S.7$«C, prof.r.bly 3$ to «5*C 
15 for 0.2S.50 hours. pr.f.rib1y 1.ss th.n thr.. hour,. Th. 9r..t.r thi 
$tr1n9.ncy of condition!, th. 9r..t.r th. roqulr.d coiptmntirlty for 
hybrldlzitlofl b.t»..n th. prob. .nd |<^,U. if th. background l.v.l 
1» high, $tr1n9.ncy My b. lncr.«s.d .ecordlngly. Th. ,trlng.ncy can 
also b. Incorporattd In th. wash. 

20 Aft.r th. hybridization th. sanpU it »ash.d of unhybrldlzad 

prob. using any sultabU M.ns such as by washing on. or »or. t1m.s 
■1th varying concntratloni of standard salln. phosphat. EOTA (SSPE) 
(180 m Had. 10 .M MaCl. 10 m NaHPO^ .„d I n an, pH ;.<) tolutlons 
at 25.75«C for about 10 .Inutas to on. hour. d.p.nd1n9 on th. 

25 tw.tur.. Th. Iab.1 It th.n d.t.et.d by using any approprl.t. 
d.tKtl0A t.chn1qu.s. 

Th. s«)UMC..sp.c1fle QllgoAucUotld. .^loyH h.rtln Is an 
ollgonuel.otld. which Is g^ntrally pr.par.d and s.lMt.d as d.scr1b.d 
•boy. for proparlng and i.lMtlng th. pr1«.rs. Jh, ,»qtt.nc.-sp.e1fle 
30 oIlgonucLottd. wst .nciMpass th. r.g1oA of th. s«,u.nc. .hlch spans 
th. nuclMtld. varlatloA btlitg d.t.ct.d and wst bt spMlfIc for th. 
nucUetld. variation btf ng dtt.ct.d. For .la^lt. if it Is d.slr.d to 
d.taet wh.th.r a sai^U contains tht wtatlon for tiekl. c.n anwla. 
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ont o1l90flucltot1dt will b« prtptrH whfeh coAtiInt tht nucltotldt 
tfquanci site cmricttrlitlc of tht nermil i^lebln gena, tn4 on« 
ollgoAucUotldt will bt prtp«rt4 «h1elt conuini tht nueUotldt 
stqutnct chtriettrlitU of tht steklt eill alltlt. Eich 
J ollgoflueltotldt «»ould bt hybrldlitd to dupllcittt of tht ttm iinvU 
to dtttniint «htthtr tht ia«p1t contiint tht wtitlon. 

Tht polymorphic trtts of HU dais II gants art local tzad to 
sptclfle rajlont of tht stcond tion and ara flankad by conttrvtd 
ttqutnctt. to that ollgonucltotldi priatrs eoi^»ltiwntary to opposlta 
10 strands of tht eonitr»td 5' and 3* tnds of tht stcond axon can »t 
prtpartd. 

Tht nurttr of oHgonucltotldts taploytd for dttactton of tht 
polymorphic artas of tht HLA elati II gtnts «111 »ary dtptndln« on tht 
typt of 9tnt» «*hlch has rtglons of bast pair variation wftlch nay bt 

15 clusttrtd or sprtad apart. If tht rtglons art clustartd, is In tht 
cast with HLA-OQt, thtn ont otlgonuclaotldt is taploytd for tach 
allalt. If tht rtglons ara sprtad apart, as In tht casa with HLA-OQs 
and HLA-ORt, thtn aort than ont probt, tach tneoiivassing an alltlic 
variant, will bt ustd for tach alltlt. In tht cast of HLA-OQt and 

20 HLA-ORa. thrtt probts art taploytd for tht thrtt rtglons of tht locus 
whtrt alltlic variations oay occur. For dtttction of stqutncts 
assoclattd with Insulli^tptndtnt dlabttts atllitus (lOOM) four probts 
fo^ tht HU^)R| ttcoftd tion art tmploytd. 

Haplotypts can bt Inftrrtd from stsrtgttloi) in*ly»1i in 
25 fwlHtt Of, in torn cists, by dirtct tntlysis of tht Indlvidutl ONA 
stf^lt* Sptclfle alltlic coMblnatlont (haplotypts) of stqutxt- 
sptclfle oHooAucltotldt rtaetlvltlts can bt Idtntlfltd 
htttrozygouf ctlls by using rtstrlctlon tru>«t dlgtstlon of tht 
gtnoale DMA prior to aapllflcatlon. 

30 For txti^lt. If In DQl ont finds thrtt highly varlablt 

subrtglons A» B, and C «1th1n a singit aapllfltd rtg1on» tnd If thtrt 
art siK difftrtnt stqutnets at tach rtglon (Al*«, BUS, thtn an 

IndWIdutl could bt typtd In tht DQl locus by stqutnct-sptclflc 
Hgomicltotldt probt analysis as containing Al, A2; B2, B3; CI, C4, 
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with th« potilbit h«plotypt C0iiblA«t1oA$ of Al, S2» CI; Al, C4; 
kZ. B2, CI; A2, i2. C4; Al, B3, CI; Al, 13, »; Al. 82, CI; and Al, 
12, C4. 

If tht 9tno«1c OKA ft digttttd with a pol/norphle 
5 rtstrlctlon •nzywt prior to aapl1flcatl0(i» and If tht orizyw cuti both 
alltitt btttfttfl tht priatrs, thtrt It no rtactlvlty with tht ttqutnct* 
iptclflc probts dut to lack of t«p11f1eat1on, and tht rtiult 1i 
unl nf or«at1vt. If tht tnxywt cuts ntlthtr alltlt, tht probt rtfuUi 
with dl90sttd and undlgosttd 9tno«1e OKA art tht iMt and tht rtiult 
10 Is unlnforwatlvt. If tht tnt>»t cuts only ont alltlt, howtvtr, thtn 
ont can Inftr both haplotypti bf coi^parlng tht probt rtactlvlty 
patttrns on digtstad and undlgtsttd OKA, 

Tht htplotypts can bt dtductd by conparlng $t^utnc*»sptc1f1c 
ollgonucltotldt rtactlvltlts with uncut gtnoalc OKA and gtnoaic ONA 
13 cut with ont or stvtral tnzymts kno^n to bt polymorphic and to 
recognlzt sitts bttvttn tht prlmtrs. 

Tht Itngth of tht st^utnct-sptclf 1c ollgonucltotldt will 
dtptnd on Mny factors. Including tht particular targtt aoltcult bting 
dtttcttd. tht sourct of ollgonucltotldt, and tht nucltotldt 

20 composition. For purposts htrtin, tht probt typically contains 15-25 
nucltotldts, although it may contain mort or ftwtr nucltotldts. Vhllt 
ollgoftucltotldts which art at Itast I9^rs In Itngth may tnhanct 
sptclflclty and/or stnsltlvlty, probts which art Itss than I9^rs, 
t.g., ISHitrs, shw mort stqutnct-sptclflc discrimination, prtstmbly 

23 btcaust a slnglt mismatch Is mort dtstablllzlng. Atcaust 
amplification Incrtasts sptclflclty so that a longtr Itngth 1*. lt$s 
critical, and hybridization and washing tta^traturts can ot lo '^d 
for tht samm salt conctntratlon. It Is prtftrrtd to ust probts which 
art Itss than 19Hatrs. 

30 uhtrt tht samplt Is first plactd on tht wibrant and then 

dtttcttd with tht ollgonucltotldt, tht ollgonucltotldt wst bt labtltd 
with a sultablt labml moltty, which may bt dtttcttd by sptctroscopic, 
photochtmlcal, blochamlcal, Imnochtmlcal or chtmlcal meant. 
Imwnochtmlcal mtans Includt antlbodlts which art capablt of forming a 
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c«9l«i -1th tht ollgonueltocltfi undtr tultabit condition, and 
blochwieil acins Ineludt polyptptldtt or Itetint eaptbit of foraing • 
coi^lti wUh tht ollgonucltotldt undtr tht appreprlatt eondltloni. 
Caa^lts Ineludt fluorttctnt dyts. tttetron<ttnr> rtagtnts. 
3 capabit of dtposltlnfl Insolubit rtactton products or bting dtttcted 
ehronogtftUany, such at tlkallnt phoiphatatt, a radloactlvt labtl 
»««h ai or bletln. If bletln fs t^loytd. a tpactr ar. m4, bt 
utnijtd to attach it to tht ollgonucltotldt. 

Alttmatl»t1y, In out 'rtvtrst* dot blot forMt. at Itatt 

10 eot of tht priatrs and/or at Itatt OAt of tht four nueUotldt 
triphetphattt It labtltd with t dtttctabit labtt. to that tht 
rttulting aaptlfltd ttqutACt It labtltd. Thttt labtltd aolttltt nty 
bt prtitnt Initially in tht rtaetlon aliturt or addtd during a lattr 
cyelt. Thtn an unlabtltd ttqutnet-tptclfic olisonocltotidt capabit of yf [H / 

15 hybridizing with tht ai^lifltd nucltic acid taqutnct. If tht t 
»ariat1on(t) in itqutnca (whtthtr normtl or wtant) It/art prtstnt. 1$ ^ 
ipotttd en (affUtd to) tht atmbrant undtr prthybrldKatlon conditions 
as dtserlbtd abovt. Tht anpHfiad tanpit is thtn addtd to tht 
pcttrtattd ntfflbrant undtr hybridization conditions as descrlbtd 

20 abovt-. Finally, dtttctlon wans art ustd to dtttnrtnt if an anplifltd 
ttquinct In tht nucltic acid lanvU has hybridizad to tht 
ollgonucltotldt afflitd to tht atnbrant. K^ridization «il1 occur only 
If tht MMbranf bound stqutnct containing tht variation Is prtstnt in 
tht aaplifieatien product, i.t.. only if a stqutnct of tht probt is 

25 coapltwntary to a rtgion of tht anplifiid stqutnct. 

In anothtr vtrsion of tht 'rtvtrst* dot blot fonwt, tht 
a^-'ilfication is carritd out without aaploying a labtl as with tht 
•forwtrd* dot blot fofiMt dtscribtd abovt. and a labtltd stqutncf 
sptcifie oligonucltotidt probt capabit of hybridizing with tht 

30 aaplifitd nucltic acid stqutnct containing tht vaHation. if prtstnt. fi 
it spottad on (arfiiod to) tht atArant undtr prthybrldlzation 
conditions as dtscribtd abovt. Tht aaplifitd SM^It is thtn addtd to 
tht prttrtattd atabrant undtr hybridization conditions as dtscribtd 
abovt. Thtn tht labtltd oligonucltotidt or a fragatnt thtrtef is 

35 rtleastd froa tht aatibrant in such a way that a dtttctlon atans can bt 



1284931 



26 

utfd to dtttrvint If an t^llfitd stqutnet in tht siApIt hybridlitd to 
tht Uboltd 0ll9OnucUot1dt. Tht rtlMSt My takt pUct. for tMnpIt, 
by adding a rtstrlction anzynt to tht mbrant which rtcognlns a 
rtstrlctlon titt In tht probt. Th1» proctdurt, known as ollQomtr 
rt$tr1ct1on. 1i dtscrlbtd aort fully In t? Pattnt ^blicatlon 164,054 
publlshtd Oaccnbtr 11, 198S, 

For purposts of thi$ Invtntlon, tht gtnttlc distastt which 
«My bt dtttcttd Includt sptclfic dtlttlons. Instrtlona and/or 
iub$t1tut1bns in any bast pair Citation or polynorphlsA in nucltic 
acids, for txamplt. gtnonic ONA, fron any organis*. Cxaiplts of 
distasts in which a bast pair variation is knatn includt sicklt ctll 
antmia, hanoglobin C distast, a^thalasscnia , 0Hhalas$t«1a, and tht 
likt. Othtr distasts that «ay bt dtttcttd includt canctrous distasts 
such as thost Involving tht RAS oncogtnts. t.g., tht n^AS oncogtnt, 
and 1 nf tctious distasts. 

Tht proctss htrtin may also bt ustd for HLA typing In tht 
artas of tissut transplantation, distast susctptlbllity, and pattrnity 
dtttrwi nation. Tht HIA class II gtnts, consisting of tht a and S 
gtnts from tht HLA-OR, HLA^Q and HLA^P rtgions, art highly 
polymorphic; thtir gtnttic cwipltxity at tht OKA Itvtl is 
significantly grtattr than tht pol>morph1s« currtntly <itf\n94 by 
strological typing. In addition, tht proctss htrtin may bt tflploytd 
to dtttct ctrtain DMA stqutncts coding for HU class II B prottins 
(t.g., DR6) associattd with intulin-dtptndtnt diabttts mtllitus 
(IDOM). Sritfly, tht four DMA stqutncts associattd with lOOM art 
stitcttd from tht group consisting of: 

1) S*-GAGCTK6TAA6TCT6AG.3\ 

2) 5'-6A6GA6nCCTGCGCnC-3\ 

3) S*-CCTGTCGCC6A6TCCT6G-3', and 

4) S'-MCATCCTGGAAfiACfiAGAGA-3*, 

or tht OKA strands that art compltmtntary thtrtto. Stqutnct-sptcific 
probts may bt prtpartd that will hybridizt to ont or sort of thtst 
stqutncts. 
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Thf Invtntlon htrtln tUo contti^littt a kit format wftlch 
co«pr1»t$ i p«cka9«d fiu1t1conta1n«r unit having eontalntrt for tach 
priaitr and probt utillztd, a eontalntr «ith tht igtnt for 
poljptrliatlon to iynthatl2« tht primer txttntlon products, such as 
tniynts. a contalntr for tach of tht four nucltotldts. and a contalntr 
with Btans to dtttct tht labtl (such as an avidlntnz/at conju^ttt and 
wym% substratt and chroaogtn if tht labtl Is blotin). In addition, 
tht kit My havt a contalntr which includts a posltlvt control for tht 
probt containing ont or laort nucltic adds with tht nucltotldt 
variation to bt dtttctod and a ntgatlvt control for tht probt which 
dots not contain tht nucltic acids with tht nucltotldt variation to bt 
dtttcttd. Hortovtr, tht kit iiar also havt a contalntr with ntans for 
stparating tht strands of any doublt-strandtd nucltic acids contalntd 
In tht sanplt such as a htllcast or sodlua hydroildt. 

Tht follMing txanplts lllustratt various tmbodintnts of tht 
Invention and art not Inttndtd to bt Halting In any rtsptct. In tht 
tia/^lts all parts and ptrctntagts art by wtfght If solid ind by 
voluat If liquid, and all ttoptraturts art In dcgrtts Ctlslus, unltss 
othtrwist Indicated. 

CXWLE I 

This ttainplt lllustratts how tht process htrtin can be used 
to dlstln^lsh normal alltlts (A) from slcklt ctli alltlts (S) from 
Hemoglobin C distast alltlts (C). 
!• Synthesis of tht ^rlmtrs 

Tht following two ollgonucltotldt primtrs wert prepared by 
tht mtthod dtscrlbtd btlow: 

5'-ACACAACTSTGTTCACTA6C«3' (PC03) 
S'-CAACnCATCCACGHCACC-J' (W04) 

Thtst primtrs, both 2(^«trs, anntal to oppositt strands of tht genomic 
ONA with their $' tnds stparattd by a distanct of 110 bast pairs. 

A. Automattd Synthtsis Proctdurts: Tht 

ditthylphosphoramldltts. synthtslztd according to Btaucagt and 
Caruthtrs (Tttrahtdron Ittttrt (1981) 22:185^1852) wtrt sequentially 
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cofldtnstd to a nucUosldt dtrimixtd control ltd port glass support. 
Tht proctdurt Ineludtd dttrltytttlon «ith tricMorotcttIc tcld in 
dlchloro^thtftt, condtntttlon uslnf bt.izotrliiolt it tctlmlng proton 
donor, tnd capping with tcttic inhydrldt and d1atthy1«i1nop/r1d1nt In 
5 tttrthydrofurtn tnd pyHdInt. C/cIo t1a« «tt tpproilatttly 30 
■Ingttt. Yitldt tt ttcli stop Mtrt tsstntltlly qutntltatlvt and «trt 
dtttrvlntd by colltctlon tnd tptctrotcopic txtmlnitlon of tht 
dlittthoj^trltyl tlcoDol rtltastd during dttrltylatlon. 

B. Ollgodto^rlbomicltotldt Otprottctlon tnd ftiriflcttlon 
10 Proctdurtt: Tht toHd support «tt rtaovtd froti tht colm tnd tipostd 
to I m] conctntrtttd tMMnlun hydrotldt tt roon tt<iptraturt for four 
hours In t clostd tubt. Tht support wts thtn r«iovtd by filtration 
tnd tht solution conttlnlnj tht ptrtltlly prottcttd 
ollgodtoi^ucltotldt wts brought to S5*C for fivt hours. Amnit was 

15 rt«ovtd and tht rtsldut was applltd to t prtparatlvt polytcrylamldt 
gtl. Otctrophortsls wts carritd out at 30 voTts/ca for 90 ainutts 
afttr which tht btnd conttlning tht product wts Idtntlfltd by UV 
shtdowing of t fluortsctnt plttt. Tht btnd wts ticlstd and tluttd 
with I m\ distllltd wittr ovtrnlght at 4*C, This solution was applltd 

20 to t column tnd tluttd with t 7-131 grtdltnt of tcttonltrllt In IX 
tMonlvff tcttttt bufftr at pH 6,0. Tht tlutlon wts tonltortd by UV 
tbsorbtnct tt 260 m tnd tht tpproprlttt frtctlon colltcttd, 
qutntlttttd by UV tbsorbtnct In t fittd volunt and tvaporattd to 
dryntss tt rooa ttitptrtturt In t vtcuu« ctntrlfugt. 

25 C. Chtrtcttrlzttlon of Ollgodtoi^rlbooucltotldts: Ttst 

tllquots of tht purlfltd ollgonucltotldts wtrt labtltd with 
;9lynucltot1dt kintst tnd r^^^^klP. Tht labtltd cvipounds wtrt 
titfflntd by tutortdlogrtphy of I4«20t polytcrylMldt gtls tfttr 
tltctrophortsls for 45 alnutts tt 50 volts/c*. This proctdurt 

30 vtrlflts tht aoltcultr wtlght. Btst coi^sltlon wts dtttnalntd by 
digtstlon of tht ollgodtoiorrlbonucltotldt to nucltosldts by ust of 
vtnoit ditsttrtst tnd btcttrltl tUtlInt phosphtttst tnd substqutnt 
stptrttlon tnd qutntltttlon of tht dtrlvtd nucltosldts using t rtvtrst 
phtst HPLC colum tnd t 101 tcttonltrllt, 11 tanonlua tcttttt nobllt 

35 phtst* 
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n. Itotttlon of. i^n tenoale ONA fro* Ctll Lint 

Hign mUiuUr Might gtntmic ONA ms liolittd from tht 
ly-phold «n 11n« M2064 u.ln, •,„„tl.Hy th. -t^od of H,„l.t1, « 
MaltcuUr CTooln, (1982). 280-281. 0CM4 (H«,n Mutant Ctll 
3 «tpo»1tory. Caltfl. II.J.) „, originally ijol.t.d fro- „ l„dW,A,„ 
ho««y,o«. for horotfitary por«l,t.«e. of f.t.1 h«>g1obl« (HPfH) and 
contains no »- or t-^lobln g«nt joqw^cti. Thl» call lint »as 
■aintalntd In RWI.I640 with lOX fatal calf tarun. 

'0 III. Isolation of HuMn Gonoalc DM fro* Clinical Sa^)lts 

F1»t clinical blood sa«pUs daslgnatad AA (fro« a known 
noriNl IndWIdual). AS (fro- a known sickl. call carrlar), SS (fro- • 
k«o«. slckla call Indlyldu.l). SC (fro- a known sickl. c.n/h«o,iobln 
C dlsaasad IndlvlAjal). and AC (fro- a known h««,iob1n C dis.ast 
15 carrlar) wort obtalntd fro- Or. Btrtra- Ubin of Oilldran's »«)spUa1 
in Oakland. California. Ont clinical ONA sanpU daslgnatad CC (fro- a 
known ha-oglobin C dUtastd Individual) was obtalnad fro- Or. Sttphtn 
fabury of San Francisco tentral Hospital In San fr.nelsco. California. 

Gtno-le ONA fro- tht first fWt of thast sa-plts was 
20 prtpartd fro- tht buffy coat fraction, which is coi^osad pr1«r11y of 
parlphtral blood lyi^hocytts. as dtscrlbtd by Salkl at al., 
Blotachnoloqy . 3;100a.lQl? noa<) 

IV. Aapllflcatlon Rtactlon 

Ont -icrogra- of ONA fro- tach of tht stvtn ONA sanplts (10 
25 u1 of 100 wg/-l ONA) was a-pllfltd In an Initial 100 wl rtactlon 
volu-t containing 10 vl of a solution containing 100 m Trls'MCl 
bufftr (pH 7.5). SOO m NaCl, and 100 m HgClj. 10 «1 of 10 iM of 
pri-tr PC03, 10 i.l of 10 iM of pri-tr PC04, IS i.l of 40 M dNTP 
(contains 10 m tach of dATP, dCTP. dSTP and IIP), and 4S »1 of wattr. 

" rtactlon -Isturt was htld In a htat bloa sat at 95*C 

for 10 -inutts to dtnaturt tht ONA. ihtn tach ONA sai^lt undtrwtnt 28 
cydts of aivHflcatlon whtrt tach eycit was coiposod of four stops: 
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(1) spin britfly (10-20 Meen4t) In alerectntriruflt to 
Nl1«t eondtnsitloA »ni trintfar th* 4*n«turtd Mtirlil laitdlitti/ to 
• hoot block tit It 30-C for t»o .Inutts to in« pr\mri tnd gtnoolc 
OKA to innotl, 

5 (2) add 2 Ml of • solution prtpirtd by alilnt 39 u1 of th« 

ICltflw frigMot of it.c2li.0tlA Po1)«tr«st I bglind Slolibt. 5 
unlti/iil), 39 w1 of a salt «1ttur« of 100 m JrU bufftr (pH 7.5), soo 
m NaCI and 100 m M9CI2. m4 312 u\ of Mttr, 

(3) illMlng tht rtactloii to procttd for too ilnutas at 

10 30*C. and 

(4) trantftrrlng tho taapltt to tht 95»C htat block for two 
ninutts to donaturt tht ntwly tynthttlztd OHA, tictpt thU reaction 
Mas not carrltd out at tht last cyclt. 

Tht final rtactlon volumt was 150 ul, and tht reaction 
15 Mlxturt was stored at -ZQt, 

V. Synthtsis and Phosphorylation of Oligodtoj^rlbonucltotlde Probes 

Ihrtt labtltd DMA probts. dtslgnattd «S17, RS18 and RS21, of 
tht fol lowing st^utncts «trt prtpartd as follows: 

S'-«eTCCTAAS«GAA6TCTGC-3* (RS17) 
5'.*CTCCT6A66A6AA6TCTGC-3' (IIS18) 
5***CTCCT6T6GAGM6TCT6C-3' (lt$21) 

whtrt • Indlcatts tht labtl. Thtst probts art 19 basts long and span 
tht fifth through tltvtnth codons of tht gtnt. RS18 Is conplwwntary 
to tht norvl |-g1ob1n alltlt (a*), ftS21 to tht sUklt ctll anenia 
25 alltlt {^), and «17 to tht htmglobln C diseast alltlt (i^). «S17 
and RS21 difftr fro« RS18 by • tingit bast. Tht scht«at1c dlagran of 
prlatrs and probts Is givtn btlow; 

4 no bo . 

PC03 kill wai 

RS18 
RS21 
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Thttt thftt probtt wt tyntht$l2t4 •ccording to tht 
proctdurts dttcrlbtd In Stctlon I. Tht probu «trt Ubtltd by 
contacting 10 piioU thtrtof with 4 unitt of T4 polynucltotldt kinist 
(Nov England Slolibt) and about 40 paolt y'^h^l? {1^ England 
Nucltir, about 7000 Cl/wolt) In a 40 wl rtactlon voluiat containing 70 
m TrU bufftr (pM 7.6), 10 m HgClj, U5 m iponvint, lOO m 
dithlothrtltol and wattr for 60 «1nuttt at 37*C. Th« total voltiiao was 
thon adjusttd to 100 vl «1th 2$ m CDTA and purl f ltd according to tht 
prxtdurt of Hanlatls tt al.. Holtcular Cloning (1982), 465*467 ovtr a 
I al Bio tel ^-4 (BloRad) spin dialysis coluan tqulllbrattd with Tris- 
EDTA (TE) bufftr (10 m Tris bufftr. 0,1 m EDTA, ^ 8.0). TCA 
prtclpltatlon of tht rtactlon product Indlcattd that for ftS17 tht 
sptclfic activity «as 5.2 uCI/pMlt and tht final conctntratlon «as 
0.118 pnolt/ul. For RS18 tht sptclfic activity was 4.6 wCI/piclt and 
tht final conctntratlon was 0.114 pn»olt/ul. For RS21 tht sptclfic 
activity was 3.8 wCI/pmolt and tht final conctntratlon was 0.112 
pmolt/ ul. 

VI. Dot Blot Hybridizations 

Fivt alcrollttrs of tach of tht ISO ul anpllfltd samplts 
froA Stctlon III was dlluttd with 19S ul^.4 H NaOH« 25 m EOTA and 
spotttd onto thrtt rtpHcttt catlonic nylon fllttrs by firtt wttting 
tht fllttr with wattr. placing It in an apparatus for prtparing dot 
blots which holds tht fllttr In plact, applying tht sanplts, and 
rinsing tach wtll with 0.4 m\ of 20 i SSPE (3.6 N NaCI, 200 m 
IUH2P04, 20 m EDTA), as disclostd by Rttd and Hann, Wucltic Acids 
Rtstarch. 13^ 7202-7221 (198S). Tht fllttrs wtrt thtn ratovtd, rinstd 
in 20 X SSPE, and baktd for 30 alnutts at 80*C In a vacuun ovtn. 

Afttr baking, tach fllttr was thtn contacttd with 6 al of a 
hybridization solution consisting of 5 x SSPE, S x Dt^hardt's solution 
(1 X • 0.021 polyvlnylpyrrolldont, QM% Ficoll, 0J/2S bovint strum 
albuMin, 0.2 iN Tr1s*Ha, 0.2 m EOTA, pH 8.0) and O.St SDS and 
Incubattd for 60 alnutts at S5*C. Thtn S ul tach of prob«s AS17, RS18 
and RS21 was addtd to tht hybridization solution and tht fllttr was 
Incubattd for 60 alnutts at SS*C. 
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Mnally, tach hybrldlzid flUtr was »uh«d twlet with 100 nl 
2 1 SSPE and O.IX SOS for 10 .inuttt at roM tai^tratura. At a third 
wash for RS17. 2S0 .1 of S . SSPC and O.U SOS w«s iddtd ind tht 
flUtr htattd for fl»t alnutts at 55«C. For „S18 and 21, tht fiUari 
3 wtrt trtattd with 250 •! of 4 , SSPE. O.IX SOS for fl,t .Inutis at 
5S»C. Thtra was a f*lnt background with RS18 and RS21 btcaust 4 i 
SSPE St 55«C was not sufflelontly itrlngtnt. Tht washing with tht 
RSIB and «S2l probts was rtptttad In 2S0 al of S i SSPE. O.IX SOS for 
thrtt alnutts <t 55»C. Thtrt was no changt In tht background. Tht 
10 wtsh was rtptittd with 5 x SSPE at «0«C for ont alnutt snd an 
additional wash of tht SMt strlngtncy was dont for thrtt ■Inutts. 
This rtsulttd In virtually no background. Tht gtnotypts wtrt rtadlly 
tppartnt afttr 90 alnutts of autoradiography. 

VII. 01$cus$1on of Autoridlogram 

^« wtortdlogrim of tht dot blot of tht $tvtn ^^^^^^•^^{L^ 
gtnottic OIU SMpltt hybridUtd with tlltlt-sptclflc eslobin proOts j7 _ 
ftSl8, RS21 and RS17 was tnalyttd aftir 12 hours. Tht ntgatlvt control M t 
OC064 was Iftcludtd, Tht rtsuUs citarly Indlcatt that tach alltlt- 
sptclfic probt anntaltd only to tht ONA san^lts which had at Uast ont 
20 copy of tht »-9lob1n alltit to which It was ptrftctly matchtd. For 
txai^ltt tht f^Mptclflc probt, RS18. hybrldlxtd only to lanplts AA 
(0*i*), AS (a^S^), and AC ii^f). 



EXAMPLE 11 

To dtttr«1nt tht alnloua Itvtls of dtttctlon by dot blot, 
tight strlal dilutions containing 128, (4, 32, 16, 8, 4, 2 and 1 ng of 
normal gtno«1c ONA wtrt Mdt fro« saiiplt AA and subjtcttd to 2$ cyclts 
of amplification as dtscrlbtd In Extfl^lt U 

As controls, tht aflipllfltd sao^lts of AA and SS fro« Ciaaplt 
I wtrt sldllarly dlluttd as wtll, 

A total of 7S 111 (onfhtlf) of tach saipit was tlxtd with 
12S 111 of 0.65 N NtOH and 2S m EOTA and tht alUurt was appHtd to a 
nylon fllttr, Thtn tht fllttr was rinstd In 20 x SSPE and baktd for 
30 alnutts at 80*C. 
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Thf fllttr «M thtrt probtd it dtur1b«d In Cxti^lt I «Uh 
W18 (tht / probt) to dtttni1n« tht dtttctlon thrtshold. T)»t 
prthybrldixitlon solution «n 8 a1 of S k SS^E, 5 x OtAh«rdt*t 
lolgtlon, 0,5X SOS for 40 ainutts it 55*C ind tht hytrldlzitlon 
5 solution WIS tht simt plus 10 wl of RS18 for 80 «1nutts it 55»C. Tht 
fllttrs -trt thtft Mshtd with 2 i $SPE, 0.11 SOS for in ulnutts it 
roo« tt^triturt twict ind thtn with 5 x SSPE, O.IX SOS for thrtt 
■Inutts It 60*C. 

Tht lutoridlogriA obtilntd ifttr hybrldlzitlon with RS18 
10 Ifttr 17 hours of txposurt rtvtiltd posltlvt slgnits In ill smelts 
contilning tht AA O^tt, Tht SS su^lt wis vlslblt ifttr 17 hours but 
tht Inttnslty of tht 64 n9 SS wis tquWiltnt to tht Inttnslty of I ng 
AA. which 1$ I signil-to-nolst ntfo of 64:1, Tht Inttnslty of tht 
signil prtstnt In tht 0.5 ng spot suggtsttd thit w^llflcition of 
15 swplts contiining signlf icintly Itss thin I ng Is posslblt. (Ont 
ninogrw i$ tht iwount of gtnonlc DM prtstnt In 150 diploid ctlls.) 

EXAHPLE HI 

A. AApHflcitlon ind Otttctlon of HLA^^Qa Stqutncts 
I* Prtpiritlon of Prlmtrs 

20 Ollgonucltotldts dtslgnittd 6H26 ind GH27 conpltfitntiry to 

oppositt strinds of tht constrvtd 5' ind 3* tnds of tht OQa stcond 
txon wtrt ustd is pr1«trs to inplify i 240 bist pilr fri^Mnt. Tht 
priatrs, hiving tht following stqutncts » wtrt prtpirtd is dtscrlbtd In 
Exvplt I. 

25 5*^TGCTGCAfi6TGTAAACn6TACCAG.3' (GH26) 

5 ' <AC6<>ATCC66TA(sCAQC66TAGA6TTG-3' (6H27 ) 

ll« Prtpiritlon of Probts 

Bistd on tht int lysis of HLA-OQ* stqutncts fro* divtrst 
sourcts» which wtrt grouptd Into illtllc virlintSt tht following 
30 probts fro« virliblt rtgloni of tht OQa stcond txon tnconptsslng tich' 
virlint wtrt synthtslztd ind libtltd is dtscrlbtd In txuipU I. Tht 
two. virliblt rtglons of tht HUUOQa stcond txon (cilltd 'txon I*), 
st^ttnts A ind 8. irt shown In Tiblt I. Tht tntirt sch«it of priwrs 



1284931 

34 

(tft«l9«*t«tf by Kn — — probtt m4 MIA-OQ. ttqvtnet It thtmn In 
Ttblt 11, AA^ tht wine add •bbr«vlit1ont ustd thtrfin irt shown in 
TtbU III. 

TABLE I 

HU OQs (st9wnt A): 

35 40 
61yAs pfil u6l uPtitTy rVi 1 AspUufiluAr oLy s61 u 
66A6AT6A66AfiTTCTACSTGGACCTG6A6A6&AA66A6 DR1.2 •« 
C— — A o«$,e 



DM. 7. 9 
0R3 



OM: -~C 1' C— A 

HU OQs ($t9Mnt S): 

4S SO SS 60 

A1 •TrpArgTrpPf oGI uPhtS«r(orsPtia€1y61 yPfitAspProGI nSI y 

GCCTG«66TSGCCT6AGnCAfiCAAATTTfi6A66mTSACCCSCASB6T 0«1 . 2 . 5 . 8 

-T A-T CT C — G A-A-A ^^TT- DR4.9 

-T AA-T CT CA-G-C-A ATT- W 

-T T-T-T— -TTC--AC A -A ATT- 0R3 

Ott: -T A-T AT — ^T AT-A- A- 
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TABIC III 



Mne Acid Afebrtvlttlen Cedtt 





AUnlAt 


A1« 


A 




Ar9ln1nt 


Arg 


R 


5 


Atp«rag1nt 


Atn 


N 




Asp«rt1c Acid 


Aip 


0 




Cysttint 


Cy» 


C 




61ut«i1nt 


Gin 


Q 




61ut«i1c Acid 


61 u 


E 


10 


filyclfit 


Sly 


G 




Hi ft 1 dint 


Hit 


H 




Iioltucint 


lit 


I 




Ituclnt 


Ltu 


L 








K 


15 


Ntthloftlnt 


Kit 


n 




Ptttnylalinl nt 


Pht 


F 




Prolint 


Pro 


p 




S«r1 At 


Str 


s 




ThrtOAint 


Thr 


T 


20 


TryptopltiA 


Trp 






TyrotlAt 


Tyr 


Y 




Vilint 


Vil 


V 



Tht probts art as follows, whtrt * Is tN labtl. 

5 • -nGrrTGCCTSTTCTCAOAC- 3 * (6H66 ) 

25 5*.*TTCC8CAaATTTASAAGAT.3* (6H67) 

5 ' •nTCCACAGACnAGATHG. 3* (GH68 ) 

S ' •*CTCA6GCCACC6€CAGGa-3* (GH7$) 

Tht GH7S probt was dtrlvtd from tht 0R«6 stqutnct, which Is 
dtscrlbtd by Auffray tt a1., Waturt. 308:327 (1984), Tht GH67 probt 

30 was dtPlvtd froM tht 0R4 stqutnct, which Is dtscrlbtd by Auffray tt 
«K» PWAS, 2±:%i21 (1982). Tht GH68 probt was dtrlvtd froai tht DR7 
stqutnct which Is dtscrlbtd by Chang tt aK, Katurt, 305:813 (1983). 
Tht GH66 probt was dtrlvtd froa tht DR3 stqutnct, which Is dtscrlbtd 
by SchtAAlng tt al,, EWBO J>. 2-**^ (1984). A coAtrol ollgonucltotldt 

35 was dtrlvtd fro« a coAstrvtd stfntnt of all of thtst all tits. 



III. Origin and Prtparatlon of Gtno«1c DMA 

Eltvtn DMA sti^lts dtscrlbtd btlow wtrt prtpartd for 
substqutnt tapllflcatlon as dtscrlbtd In Exawplt I. 
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"'^J^«« (Jtftotypt ORl) fro* On. Joh-» Btll ind 

0«n Oinny of Stanford Uhlvtrslty. Stinford. Callfornli 

PGF ctll Jlftt (gtnot/pt 0R2) fro« Or$. John Btll and 
Dan Otnny 

AVL ctll lint (gtnot/pt 0R3) from Or%. John Btll and 
Otn Otnny 

0KB ctll lint (gtnotypt OM) from Or$. John Btll and 
Otn Otnny 

JSL ctll lint (gtnotypt OW) from Or. Gtrry Ntpo* of 
Virginia Hason Hotp1tal» Stattit, Washington 

APO ctll lint (gtnotypt OW) from On. John Btll and 
Otn Otnny 

LBF ctll lint (gtnotypt 0R7) from Or$. John Btll and 
Dan Otnny 

TAB ctll lint (gtnotypt ORB) from Or. Gtrry Ntpo« 

tOZ ctll lint (gtnotypt 0R9) from Or. (Wrry f^pooi 

Sanplt «2741A (gtnotypt ORl. 3) aval labia from tht 
Mimn Gtnttic Mutant Ctll Raposltory, CMdtn. NJ, 

Satfplt 01267$ (gtnotypt 0R4.3) aval labia from tht 
Huian Gtnttic Mutant Ctll Rtposltory 

IV. AApllflcatlon Rtactlon 

Each gtnomic ONA saflplt was aApllfltd as. dtscrlbtd In 
Eiamplt I using 6H26 and GH27 as priatn for 28 cyclts» tictpt that 
tht polymtrlzatlon sttp 3 i«as carrltd out at 37»C in tht prtstnct of 
10% by Might dimtthylsulfoxidt (WSO). and txctpt that tht 
a^llflcatlon rtactlon took plact In tht aluiilntfa htating block of tht 
abovt-dtscrlbtd automattd liquid handling tnptraturt-cycllng 
Instruittnt using tht folloMlng program: 



1) 2.5 mm.. 37*C to 98»C ramp (dtnaturt); 

2) 3.0 min., 98'C to 37»C raap (anntal); 
add 1 unit Kltnow fragntnt; and 
2.0 «1n.» 37*C maintain (tittnd). 
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V. Dot Blot Hybridization 

For itch DMA $vip1t» four duplleitt nylon fllttrt wtrt 
ipotttd with 5 wl of tht 150 ul tmpMfltd Qtnonle OHA and ont of 
probts GH66. 67, 68 or 75 was appHtd thtrtto at dtscrlbtd In Exai^lt 
5 I ticapt that ONA samplts wtrt noutrallztd bofort application to a 
nylon fllttr atabrant, using « prthybrldlzatlon solution of 6 i SS^E. 
10 I Otnhardt's solution and 0.5X SOS for ont hour at 50*C and tht 
saat solution ovtrnlght at 50*C. Tht fllttrs wtrt vashtd with O.l i 
SSPE, 0,11 SOS for 10-15 alnutts at 37*C. Tht fllttrs wtrt trtattd as 
10 dtscrlbtd In Exaniplt 1 to obtain an autortdlogram. 

VU Discussion of Autoradlogrtn 

Tht tutoradlogram of tht dot blot shows that tht four HUU 
OQd alltlt-sptclfic probts, SH66, GH67, GH68» and 6H75 coiipl f^itnta ry 
to four HU-OQt alltllc variants, may bt ustd to dtfint nucltotldt 
15 stqutnct pol>i»orph1s«s on aopllfltd DMA froti both homozygous and 
htttrozygous Individuals. Tht patttm of rtactlvlty of tht probt 6H75 
corrtsponds to tht strologlcally dtflntd typt OQwl. 

B. Amplification and Otttctlon of HLA«0Q8 Stqutncts 
!• Preparation of Priatrs 

20 Ollgonucltotldts dtslgnattd GH28 and 6H29 conpltivntary to 

oppositt strands of tht constrvtd 5* and 3* tnds of tht 0Q«a stcond 
txon wtrt ustd as priatrs. Tht prlmtrs. having tht following 
stqutncts • wtrt prtpartd «s dtscrlbtd In Extmple I. 

5' ^TCGGATCCCCATGTaTACnCACCUCG.3* (GH28) 
25 5 ' -GAGCTGCAGGTAGTTGTGTCTGCACAC- 3 * (GH29 ) 

II. Prtpt ration of Probts 

Btstd OA tht analysis of KLA*0Qa stqutncts fro« divtrst 
sourcts» which wtrt grouptd Into alltllc variants, tht following 
probts frooi two varlabit rtglons of tht 0Q6 stcond txon tnconpasslng 
30 tach variant wtrt synthtslztd and labtltd as dtscrlbtd In Exaaplt I. 
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Tht two rtglons, ttgMtntt A (GH69-71) and B (GH60*62). ai wtll ii a 
third varliblt rtglon, irt shown In Tabit IV* lh% tnttrt tchtrnt of 
prlntrs, probts tnd HLAOQi ttqutnct Is shown In Tabit V« «htrt tht 
amino acid abbrtvlatlont art shown In Tabit III abovt. 



TABLE IV 



HU-OQI (stgmtnt A): 



20 2S 30 

6 1 y Th r«1 u Ar gVa 1 Ar oGI yVa 1 Th r Ar 9HI s n tT/ r 

666AC&GAGCGC6TK6MGT6TGACCAGACACATCTAT DRl 

TCT T 0fl2.4 

^TCT— A m 

C T 0R8 



.TCT G AG 0R3.7 



0X3: A^- C "^G T- 



HIA-Oqa (stgmcnt B): 

45 SO SS 60 

ValGlyValTyrArgAl aValThrProGI nGlyArgProVaUl aGluTyrTrpAsn 
GTG6GGGTGTACCGGGCAGTGACGCC6CAGGGGCGGCCTGTTGCCGAGTACTGGAAC ORl 

C-G ' A OR 2 

0R6 
0^4 
DR4* 
ORd 
0R3.7 

on : ^T A-*T-A — G C6A— T 




HLA^Ql (stgmtnt C): 



6$ 70 7S 

GluVal LtuGI uGlyAl aArgAl aStrVa 1 AspArgVa 1 
GAAfiTCCTGGAGGGGGCCCGGGCGTCGGTG&ACAGGGTG DRl 

•A— — — GA-T C 0R2 

A— A— — GA.T— C— DR4.6 

-^A A^A C C — 0R8 

A -AAA G DM, 7 

^T— T- 
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Ih* pr«6«s art u followt, vhtr* • It th« 1ab«1 and 
lAtflcattf th« b*tt pro6M. 



S .«C«GDIMCSfieeCCA6C66-3'' 
S*-«CC«eAfi6CA«CCCCAQCA8.)' 
S •-•CAACMfiCCSCeCCTGCfiG.S' 
S'-««TST«TCTWTeACACCCC6-3* 
5 '••MT8CTTCT6CTCAOMIUC6-3' 
S'.«C»TSTATCTKTCACAA6ACe-3' 



6W0)** 

6iei 

6NS2 

6N70 
6K71 



II. Ai9liric4t1on and Dot Slot ItrtHtflzattoii 

10 Ikliif t)M Mthod 9Mtra11y dcserIM in bai^U IIIA. the 

probM war* foim4 to kavt rMSOMblt sp««iric1t/ for tht perttens of 
too alltlo btlN9 d«t«ct«4 In fonoole DM SMpUs. 

C. AaplirieatlOM and 0«t«<t1o<i of HUUORl Sa^tncts 

t. Prt^ratleo of frimn 

IS 01l90iMtc1o«t14os 4tsl9flatod WHi and O60 conplMfltary to 

opposlto stroAdt of tho coMonrod S* and 3* andt of tho OU saeond 
; os^ mrt osod as pHatn, Hi* primn, htrinq tho follOMin) 
toquMctt, Mr* prtparod m d«ser1bod U Csaoplt I. 



s'«cc8 a T a: n m^ic cccAeAfiCAtt-3' (6iM6) 

S'-CTCaCAACCCC6TAGTTCT6TCTKA-3' (CHSO) 



11. 



h^ratlOA of frobos 

losod on tlw aMlytls of HUMRt Mqumcos fnm dtvtrs* 
tdildi wtr« i fwip od loto allollc TaHantt, tho followlnt 
probes froa tM VMiabIt rogloM of tlM ORft socood oaon oneoapasslng 
oock vMiut Mf* sjrotkoslnd aad labolod as dtscHbtd fn Exa^to I. 
Dm tw roglORS, l ajw nt s A (aB«-S9) and t (SNSl). aro shoM In Table 

tri. 



c 
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I 



M I I 
»« I I 



S t I 



• 

X S I I 

• 

<N| O O I I 



I I 

I » 

I Z 

I I 

I I 

t I 

I M 

I I 

i t 

I i 



m 

I H • I I t 

6 

OM • I I I » I 

2*4 I f I • I I 

5 I I • I I • 

m ^StC • I a I • I 



7 



i 



> > 14 I I I I I I I 
«l| O I I I I I t I I 




O M I I I I I I t < 

So M I I I li < I I t 

5 • 

OO I I • t I t • 

I S8SX I KK 

gteM a I I I MM > 

o I I I I I O i iC 

I iC I I I I I I I • 

I O M I « I t M S M 

^•9 I I • I I • I I 

m§9m I I H>«i4»«i4 



"I 



iC» I a I I I o I 
^ > a a a a a a a a 



i 




MMfl»« AWQM^ 



I 1835881 
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Tht probci art tt fen«t, vfitrt • it tht Ubtl. 

5;-«CT«TCA66ncCACACTC6.3' (6MS1) 

5'-»C«Ae8TAaACTAeTCC-3' 6HS6 

$'-«CA(i«nACttAaTCC-3' 6«7 

5 $'-»CA6AenMfiCA6CTCCO' SMS 

III. AapHflettlen antf Dot Blot HybrldUitlen 

Ul1n« tht atthotf 9«n«rany dtterlbtd In Ciirnplt IIIA, tht 
probM Mft found to havt rtaionablt tpaclfielty for tht portions of 
10 tht alltlt bting dtttettd In gtnoirie ONA itiivUt. 

IV. Analytll of HLA-ORa Stqutnctt Asioelittd With lOM 

Stvtral HLA elan II btta gtnts vtrt Itolattd from clinical 
blood sanplts of dlvtrst HU-typtd IDON IndUldualt (from Unlvtrslty 
of Pittsburgh clinic and fro« call lints fro* lOOH patltnts avail abit 

15 fro« tht >«jiian Gtnttic Mutant Call Rtposltory. Cawttn. NJ) and no«- 
dlabatlc controls (homozygous typing calls) using cloning nthods. 
In ont such utthed. which is a standard aathod, hun«n gtnomie OHA mtt 
isolatad from tht patltnt samplas using assentlally tht ntthod of 
Nanlatis tt al.. Woltcular Clonino (1982). 280-281 or prtpartd from 

20 tht buffy coat fraction, whieh it conpesad primarily of pariphtral 
blood lymphocytts. as dtscribtd by Saiki at al.. Biottchnologv . 
1:1008.1012 (1985). Ihis ONA oas than clontd as full gtnomic 
llbrarits into baettriphagt vtctors. as dascribad in •ianlatii. suera . 
pp. 269«294. Individual clonts for tht MIA^)H| gtnts «»trt ttltcttd by 

25 hybridization to radioactivt cONA probts (Hanlatis. pp. 309-328) and 
characttrixtd by rtstr1ct1o« mapping. Stt U.$. P*ttnt No. 4,582,788 
issutd April 15. 1988. Individual clonts from lOON patlants »trt 
astigntd to OR-typtd hapletypts by comparing tht dont rtstrlction map 
■1th tht kflP ttgrtgation patttm vithln tht patitnt's family. 

30 Finally, small fragmtnts of thtst clonts rtprtstnting tht varlablt 
stcond tson «trt subclontd (Naniatis. pp. 390-402) into tht m3*pl0 
cloning vtctor, tihich is publicly availabit from Bothringtr-Mannhtlm. 

Ii» an alttmativt proctdurt for cloning th gtnts, 
amplification of tht rtltvant Mirtion (tht stcond «ictt) -of.tt* gtnt 
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vu C4rr1«4 out froa • tottt of I'alcro^fM of t«ch ttoUtod huMii 
9tnoa1e Om «t dMcHM In CxMipIt I otlAg prlaors CH4«. in^ QKSO, 
which htvo ftofwhowlo^eut toqutnctt to «et as tiftktr/prlatrs. 

Tht rttctloA Bljcturts wrt tubjtctod to J8 cyclts of 
5 «ip11f1e«t1oit and thtn tht alxturts wort ttortd at •20*C« Thtn tht 
folloiHAg cloning proctdurt wot ustd for tht a^pllfltd products* 

Tht rtact1o«i sliturt was su^lontd Into MliiplO by first 
digtsting in SO »1 of a bufftr conUlnlng SO m HaCI, 10 m TrIs'Ha, 
pH 7.S» 10 iM NgCI}. » imlts fjtl and tf units Hindlll at 37^0 for 90 
10 fllAutts. Iht rtactlod uts stopptd by frttzlng* Tht voIim vas 
adjusttd to 110 Hi with a bufftr containing Tr1s*Ha and DTA and 
loadtd onto a 1 al lloGtl f*4 spin dialysis coluan, Oit fraction w«s 
colltcttd and tthanol prtclpltattd* 

Tht tthanol ptiitt was rtsusptndtd In 15 v1 wattr and 
13 adjustod to 20 a volw containing SO m Tr1s*MC1» pH 7.8» 10 m 
MgCljt O.S m ATP, 10 m dIthlothrtltoU O.S iig NllNplO vtctor 
dl9Mttd,w1th and Htndlll and 400 mUs llgast. This alxturt was 
Inaibattd for thrtt hours at 16*C. 

Ttn alcrolltors of ligation rtactlon alxturt containing ^olt 
20 4 DM was trtASforatd into E|, coH ttrtit JN103 co^ttnt calls, which 
art publicly avallabit frw ML In Btthtsda, Tht proctdurt 

followtd for prtparing tht tnuisforatd ttrtin Is dtscrlbtd In Massing, 
J. (1981) Third Citttland Swposif on lUcrotltQiltstKtconblnant OM. 
td. Ualtot, eistvltr, itettrdaa, 14MS3. 

23 Cli^tta of tht alltltf froa thttt two cloning proctdurts 

wtrt stqutuctd. It soaa of tht stq u t act s dtttralntd four artas of 
sptclfle OM and prottit stqutnct wtrt found to occur It vtHous 
coAlnttloAS tod to bt assoclattd with tOOl, Tht OUA laqutncts sttt 
In tht 9tnem% of lOQN patlonts productd at alttratlot in too to thrtt 

30 mUm acid rttldutt tf tht Oil proUin, Thttt four tarlabld rtflons 
of tht Oti itcotd tiot art fouiid It stquttcts obialntd froa aw 
ditbttic sturctt tod art Idtotlflod abovo. Thtst rt^lots cat bt tttd 
for syathtsUIng priatrs and* probtt ustd for dtttctlof 8^ 
stquoocts. ThtStlQDI rtlttod t aeyanott tra tteot that anoodi tht * 

33 followij^ mdm odd ntidoo ttquenoa t at ttit iadicttod pca^^tiom of 
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Tht (tattetlofl lAd •■plIfUMlM of suc>« ttqutnett m,, bt 
cMnie.ny uuful in bon.HMrro- trmplm.tlon. .nd In tM,«. 
typing. 

tXAWPlg IV 

S froxto Melt 4 ctlU (• T e.ll n«. ho-wygoui for nor».1 

globln fro« H^n StnttU Mutant Coll H^ltory. Ci«o«, W it 
W2219C). SCI ctll, (. CB¥.tr.n.fon.od B eoll tin. ho«>zy9o«s for th. 
sUklo etn tlUU fro- ATCC. «oek»in., « » OLB756) .nd 9C064 
eolU (control dtserlbod obov. hovin, „p ,^,obl« or l^lobin 

10 stqutnei) «r« thi««d .nd rtiutpondtd In pho,ph,t, b„ff,r.d ullnt. 
lueh tmt 10 w1 of ctllt eontilnlng ctll n«b«rs trying fro* 37 to 
1200 for oKh typ. of coll lln. ms obt.inod, Uch cill 11n. 
>lMd »Uh 3S wl Mttr and thtn H)vtr1<1d »1th •1n«r<t oil. Tho 
resulting lutpinslon ms htittd it 9i*C for 10 alnutit. Thtn • totil 

15 of 55 1.1 of tht reigtntt uttd to tnpltfy tht ctll llntt In Cxinvlt I. 
Including prlntrs PC03 tnd PC04, mti addtd. 

Tht tmpllflcatlon proctdurt of Cxaaolt 1 can thtn bt used 
fono**«l by tht dot blot proctdurt. This direct ust of the cells 
tllwlnatts Isolating the genowlc ONA fro* tht ctll lint or cllnlcil 
20 samplt. 

Tht proctdurt of Exai^lt I was ustd to tnplify tht genomic 
DH* froM a knoM nornal Individual, a knoM sickle cell Individual, 
•nd an Individual with no t-globln gtnt stqutncts (W2064), eicept 
2S that the a«pl1flcatlon ms autoMttd as dtscrlbtd in Eiaiple III*. 

Thrtt labtltd DMA probts. dtslgnattd RS31, l»$32, and RS33, 
of tht foil Ming stqutncts wtrt prtpartd as follovs: 

5'-*TCCT6«fifiAGAAfiTCTe-3' (RSSl) 
5*-WG»fi«fiAAfiTCT-3' (RS32) 
30 S'-*CT6A66AfiAA6TC-3' (RS33) 

•*trt • indlcatts tht labtl. Thtst probts art 17, 15, and 13 basts 
long, rtsptctlvtly, and art eo^plteitntary to tht nonwl l-globln 
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• ntiA (jA). Tht prob«s ««rt lynthtilxtd tna Ubtltd as dtscrtbtd In 
Exanplt K 

Probts aS32, and RS18 Mrt tttttd for iptclflcit/ for 

non-iinpllflfd clontd nonu) ind sIckliKtll globin ttqutncts using tht 
5 proctdurt dcscrlbtd In Cxai^U I, txctpt th«t tht hybrldlmioo 
tt^triturt MS rtductd fro« 55»C to btloir 32*C. At hybrldUitlon 
tttptrtturts b«1<N S5*C tht RS18 (19^f) did not shoi« sptcif UUy 
unltss tht salt conetntrttlon ms rtductd. Tht ttio shorttr probts 
sh^td txctlltnt sptcif Iclty it tht hightr siU conttnt. 

10 Tht probts t$31, RS32. R$33, and RSIS «trt ttsttd against 

tht ai^llfltd gtnoale ONA, Btcaust of tht conditions of tt<^traturt 
and salt conctntratlon, tht 19Hntr sho«td no sptclficlty at a 
hybridization tt^ptraturt of btlow 32*C. All of tht shorttr mr% did 
shew sptclficlty. Thtst rtsults cltarly danonstratt that tht shorttr 

15 probts can bt stltctlvt, and that tht conditions of stltctiylty -ert 
Itss curtmt than thost nt'tdtd for tht 19-<atr. 

Tht 17^r globin probt RS31 worktd optimally when 
hybrldlitd b«loi« 32»C In 6 x SSPE (with 10 x O^nhardt's and OAl SOS) 
and thtn washtd In O.l x SSPE for 10 nlnutts at 42*C. 

20 Tht 15^r globin probt RS32 «orktd optimally whtn 

hybrldlztd btlw 32*C in 6 x SSP£ (with 10 x Otnhardt's and O.ll SOS) 
and thtn tiashtd in 0.1 x SSPE for 10 alnutts at 32*C. 

Tht 13-«tr globin probt RS3I worktd optimally whtn 
hybrldlztd btl»tf 32*C in 6 x SSPE (with 10 x Otnhardt's and OAl SOS) 
25 and thtn washtd In 0,1 x SSPE for 10 mlnutts at 25*C. 

!• Synthtsit of tht Priatrs 

Two. pHAtrs Idtntlfltd btlow wtrt synthtslztd by tht method 
dtscrlbtd In Exanpit I to aapHfy a portion of tht stcond txon of the 
30 a-globin gtnt: 

5MTnTCCCACCCnA66CTC.3' (RS40) 
S ' -«CTCACTCAfiTGT6GCAAA&.3 ' (RS4 2 ) 
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Thl. primr p.lr dtfln*. , 198 bn, p.ir •npllfteatlon product th,t 
ineludts tht situ of thrit rol,ti»,iy comon «.thi1isi«»1< .wtitlont. 
tht codofl 39 non ttntt wtatlon. tht eodon 41-42 frwtsMft dtlttlon. 
and tht codon 44 friMtltlft dtlttlon. 

5 Btcaust tht Mlebln gtnt In tht rtglon of eodons 39 to «2 

1$ titetly ho«)lo9og» to 4t1tts1eb(n. tht priMri »trt dtilgn.d to bt 
iptcifle for tnd only t^Ufy l-globln. Tht HS40 primr spins th. 
first Intron-steond tion junction whtrt thtrt irt sli bist ptlr 
-ISMtcKts .Ith 4.9lobln. RS42 is potltlontd oytr codons 84 to 91 ind 

10 <1so contains sli Mswtehts «lth l-^lobln, Thtst .Isxttchts ar, 
suffldtnt to prtvtnt hybridization of tht prlntrt to tht d-globln 
gtnt. Afttr 20 cyelts of a«pllflcatlon. tht ovtrall tffleltncy of 
thtst prlmtrs mt% approiliMttly 801 and corrtspondtd to a 130,000.fold 
lopUflcatlon. As tiptcttd. tht aapllfleitlon product contalntd no 

15 dttictibit <>9leb1n DNA. 

II. Isolation of Human Stnoolc ONA Fron Clinical Sanplts 

fWt gtnonic clinical DNA saH^lts of various a-thalasstfiiH 
gtnotypts rtPt obtalntd fro« Ors. Alan Scott and Hal) Kaxazlan (Johns 
Hopkins Onlvtrslty. B«1t1«ort. HO). Thtst sanpUs •trt JHl (norma 1/39 
20 non), JH2 (39 non/39 non). JH3 (nomia1/41 dtlttlon), JH4 (17 non/4l 
dtl), and''HS (39 non/44 dtlttlon). 

III. Amplification Rtactlon 

Ont irtcrogram portions of tach ONA ind of HoU < as 

control ««rt diluted Into « 100 ul voIm with 50 m NaCl, 10 m 
25 TrifMCl (pH 7.6), 10 m WgCl^, 1 pr1«tr PC03. I uH prlnvr PC04. 
lot WSO (v/v), L5 m d^T^ 1.5 m dCTP, 1.5 m dGTP. and 1.5 »H dTTP 
and subjtctftd to 25 cyclt$ of auto«attd ai^pllflcatlon at described In 
Exai^lt IIIA, adding 1 unit of Kltnow fragntnt at tacN cyclt. 

IV. 01 1 godtoiqr r1 bonuc 1 tot 1 dt Probos 

30 Four DNA probts» dtslgntd XXI, XX2, XX3 and XX4 btlow, wcrt 

provided by Drs. Scott and Kaxazlan at Johns »topli1ns Uhlvtrslty: 
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5 •••CCTT#icCT«AGGTTCT.3* (Xll) 

5***CCnSWCCCA«GGTTCT.3* (XX2) 

5*.*6GnCTTTSAfiTCCmfiG.3* (xi3) 

5»*«GGTT— •GAGTCCTTTGGGGAT-3* (XX4) 

vhtrt • Indtcitts tht Ubtl lattr ittich^d, Tht xxi md XX2 pilr ««s 
ustd to dtttct tht codon 39 non-stntt Citation, «1th XXI conplMntiry 
to tht nortMl illtlt and XX2 coipltntntary to tht noo itfist mUnt, 
Tht othtr pair of probts was dtslgntd to ttst for tht 41*42 frMshlft 
dtUtlon, with XX3 anntaling to tht normal alUlt and XX4 to tht 
dtUtlofl «Jtant« Each of tht probts was phosphorylattd as dtscrlbtd 
In Eian^lt I* 

V. Dot Hot Hybridizations 

Four rtpllcatt dot blots w«rt prtpartd, tach spot containing 
ont-tlghtttnth of tht amplification product (56 ng of 9tno«1c Wk).r(^ 
Each fllttr was Individually prthybrldlxtd In 8 «1 5 i SSPEt 5 « H 
Otnhardt's solution, O.St SOS for 15 «1nutts at 5S*C, Ont-half ;ynolt 
of tach labtltd probt (sptclfic actlvltlts rangtd from 1.8 to 0*7 
wCt/pmolt) was addtd and tht hybridization was contlnutd for an 
additional 60 lalnutts at tht samt tttnptraturt. Tht fllttrs wtrt 
washtd twict at room tenptrtturt In 2 x sodium salint phosphatt EOTA 
(SSPE), O.Il SOS. for 5-10 minutts ptr wash, followed by a high* 
strlngtncy wash In S x SSP£, 0.11 SOS for 10 minutts at 60*C. 
Autoradlogrami wtrt dtvtloped afttr ovtmlght and two-hour txposurts 
with a slnglt Inttnslflcatlon scrttn. 

VI. Autoradlogram Rtsultst 

Tht rtsults wtrt conslsttnt with tht Hsttd gtnotypts of 
tach ONA samplt* Each probt anntaltd only to thost gtnomic stqutncts 
with which It was ptrftctly matchtd. 

EXAHPIE Yll 

Tht mtthod htrtin may also bt applltd for fortnsic usts, by 
amplifying a random polymorphic rt^lon* t.g«, HlA"or mitochondrial 
ONA, to dtttct, t.g., nucltic acids In any bo4y sai^lts such as, t.g., 
hair samplts, stmtn and blood samplts, and othtr samplt^ containing 
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OMA. Tht nucltic add My bt txtricttd from th« sanplt by iny «ttni. 
•nd primrt ind probtt irt ttltcttd b«s«d on Idtntlfying 
Chtricttr1$t1c$ or known chiricttriitlci of tht nucltic icid bting 
dtttcttd. 

5 EXAWPtE Vni 

I. Synthtsit of tht Prlntri 

Tht pplittrt PC03 ind PC04 dtscrlbtd In Exarvpit I wtrt 
tfiploytd htrtin, 

II. Isolation of Himtn Gtnomic ONA froa C«ll lint 

10 High AoltcuUr m\qnx ^nmic DMA was ItoUttd fro«a a T call 

lint. Molt 4, homoxygoul for noraal l-^lobln avallabla fro« tht Human 
Gtnttic Mutant Call Otposltory, Candtn. NJ as GK2219C usln^ 
tssantlally tht «tthod of Manlatis at al., Moltcular Cloning (1982), 
240-281. 

IS in. Purification of a Polymtrast Froai Thtmus aquitlcus 

Thtniiis aquatlcus strain YTl, avallablt without restriction 

from tht Amtrlcan Typt Culturt Colltctlon, 12301 Pirklawn Orlvt. 

Rockvlllt, MO, as ATCC No. 2S.104 was grown In flasks In tht following 
mtdlum: 

20 Sodlun CUratt 1 m 

Potassl^ Phosphatt. pH 7.9 5 m 

ANMonlt^ ChlorHt 10 m 

Magntslua Sulfatt 0.2 m 

Calcium Chlorldt 0.1 m 

2S Sodltfi Chlorldt 1 g/l 

Ttast Extract 1 g/l 

Tryptont 1 g/l 

Glucost 2 g/l 

Ftrrous Sulfatt 0,01 iH 

30 (Tht pH was adjusttd to B.O prior to autoclavlng.) 

A lU*11ttr ftrmtntor was Inoeulattd from a sttd flask 
culturtd ovtrnlght In tht abovt mtdiM at 70*C. A total of 600 ml 
from tht sttd' flask was ustd to Inoculatt 10 llttrs of tht samt 
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y^. Th, pH .„ co«tron,d .t 8.0 ,1th .««o«1u. Mro.ld, .itf th, 
itlfring rut it 400 rpa. 

Afttr ,r«tH of tho cll,. th., .^P. purlfUd u,1«g i«e 
protocol (irtth ,ll,ht •odifie.tlo-) of UU^in .t .1.. through 
th. flru f1». stag., .nd uilng , diff.r.nt protocol for th, »i,t. 
tt«9t. All 11 < stops mrt co«duet.d it 4«C. Th, rit, of 
fr,et1o«,t1on on coIums ..s 0.5 col«-n »olu«.,/ho«r .nd th, »oIu«,» 
of grtdl.nts during .lutlon «.r. 10 colimt volmvs. 

Brl.fly. th. .bov. cuUur. of th. T. .qu.tlcus ells .is 
honr.st«J t>, c.«tr1fug.tlo« .ft.r nin. hour, .f cultl».t1o«. In lat, 
log ph.s.. at a c.ll d.ns1ty of 1.4 , dry ..i,ht/1, T..«ty gra.» of 
ells »as r«susp«nd.d in 60 .1 of a buff.r consisting of 50 m 
Trls-HCl pH 7.5. 0.1 m COM. Clls ..r. lysrt and th, lysat, «.s 
e,ntr1fug.d for tw hours at 35.000 rp» m a Boekman TI 4S rotor at 
4*C. Th. sup.rnatant was coll.ctod (fraction A) .nd th. prot.ln 
fraction precipitating b.t«,n 45 and 75J saturation of rnonlun 
sulfat. was eolUctod, dissolvod in a buffar consisting of 0.2 H 
potasslw phesphat, buff.r. pH 6.5. 10 m 2.m.rcapto,thanol. and 51 
glyc.rln., and finally d1alyz*d against th, sam, buff.r to yl.ld 
fraction B. 

Fraction B was appHod to a 2.2 i 30kpi colunn of OEA£. 
c.llulos.. «,u111brat.d with th. abov, d,scr1b.d buff.r. T),, eol*in 
•as than »ash.d -Ith th. sam. buff.r and th. fractions containing 
25 protaln (d.t.r>in«l by absorbane. at 280 m) «.r. co1lKt,d. Ih, 
coMlnod pret.ln fraction «as dlalyxod against a s.cond buffor. 
containing O.Ol N potassli* phesphat. buff.r. pM 7.5. 10 m 2- 
•trcapte.thanol, and 5X glyc.rln.. to yl.ld fraction C. 

Fraction C was appHad to a 2.6 t 21-<« coltim of 
hydrovipnlt., «)u111bratH «1th a socond buff.r. Th. colum »as 
then MShad and th. .nxy*. v«s .lut.d iHth • 1ln.ar gradl.nt of 0.01. 
0.5 n potassiM phosphat. buff.r, pN 7.5, containing 10 * 2- ' 
■trcaptotthanol and 51 glycarln.. Fractions containing DM pe1)M,rase 
activity (90-180 m potassltfi photphata) ».r. coi*ln.d, cenc.ntrat*d 



20 



30 



1284931 



fogr-fold us1fl« in Affleofi ttlrrtd ea)] and WIO i»tmbr«nf. md d1i1yr«d 
I9«1nst tht steond bufftr to yltld friction 0. 

Friction 0 Mt ipplltd to a 1.6 « 28<ii column of DUE- 
ctlluloit. ti)u111brattd with tht steond bufftr. Tht colwn was wathtd 
5 and tht po1/»trast was tluttd with a llntar gradltnt of 0,01-0.5 n 
potassium phosphatt In tht steond bufftr. Tht fractions »trt isiaytd 
for contain nating tndonucltast(s) and txonucltast(s) by 
tltctrophorttlcally dtttctln^ tht changt In aoltcular »tlQht of phagt 
X OKA or suptrcolltd p1as«a DfU afttr Incubation with an txctss of ONA 

10 po1>«trast (for tndonucltast) and afttr trtatmnt with a rtstrlctlon 
tn2>fit that dtavts tht ONA Into stvtral' frayvnts (for 
txonucltast). Only thost OIU po1>«trast fractions (65*95 m potasslun 
phosphatt) having alnlMl nucltast contaiM nation wtrt pooltd. To tht 
pool was addtd autoelavtd gtlatin in an amount of 250 jig/wl, and 

15 dialysis was conducttd against tht steond bufftr to yltld Fraction £. 

Fraction t was applltd to a 9 «1 phosphoctllulost coltfnn in^l 
tluttd with a 100 Ml gradltnt (O.OUO.I n KCl gradltnt In 20 m 
potasslvja phosphatt bufftr pH 7.5), Tht fractions wtrt assaytd for 
contaminating tndo/txonucltast(s) as dtscrlbtd abovt as wtll as for 
20 polymtrast activity (by tht mtthod of Kaltdin tt al.) and thtn 
pooltd. Tht pooltd fractions wtrt dialyztd against tht steond bufftr, 
thtn eonctntrattd by dialysis against 501 glyctrl nt and tht steond 
bufftr. 

Tht molteular wtlght of tht polymtrast was dtttrmlntd by S0$ 
25 «arktr prottlns (Blo-ftad low molteular «t1ght standards) wtrt 

phosphorylast B (92,500), bovint strum albumin (66,200), ovalbumin 
(45,000), carbonic anhydrast (31,000), soybtan trypsin Inhibitor 
(21,500), and lysoxymt (14,400). 

Frtllmlnary data suggtst that tht polymtrast has a molteular 
30 wtlght of about 86,000-90,000 daltons, not 62,000-63,000 daltons 
rtporttd In tht Httraturt (t.g., by Kaltdin tt aU). 

IV. Amplification Rtactlon 

Ont microgram of tht gtnomic ONA dtscrlbtd abovt was dlluttd 
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in %n InltUI 100 ul aqutous rtactlon voluat contilnlng 2S m TrIfMCl 
^bgfftp (pH 8.0), 50 m KCI, 10 m n^}^. 5 m dUhlothrtUol, 200^^ 
}f9/m] ^Utin. 1 »/1'of primr W)3. I of primr PC04, 1.5 Ml <1AT^, 
1.5 m dCTP, 1.5 ^ dCTP and l.S iM TTP. 1>it u^U wi» htittd for 10 
5 •Imitti It 98»C to dtn«turt tht 9«non1e OKA, tHtn cooltd to roon 
twptriturt. Four wlcrollttrs of tht pol>«trast fpo« Itmrms 
«qu«t1ai$ ««$ addtd to tht rttctlon sixturt ind ovtrUld with • 100 wV 
•lAtral oil cap. Tht saapit was thtn pUctd In tht alualntfi htating 
block of tht liquid handling and htatlng Instnaatnt dtscrlbtd In 
10 tf Publleacioo 236,069. 

Tht ONA saapU undtrwtnt 20 cjrclt* of aapllflcatlon In tht 
■achint, reptating tht following prograa c/cit: 

1) heating fro« 37*C to 9d*C In htating block ovtr a ptrlod 
15 of 2.5 alnuttt; and 

2) cooling from 98*C to 37*C ovtr a ptrlod of thret •Inutes 
to allow tht priatrs and ONA to anntal. 

Afttr tht Ust cycit, tht timpU was Incubated for an 
additional 10 lalnutts at 55*C to complete tht final exttnslon 
20 rtactlon. 

V. Synthtsis and Pttosphorylatlon of 01 Igodtoxyrlbonucltotlde Probts 

A labtltd ONA probt. dtslgnated R$24, of tht following 
sequence was prepared: 

5*-*CCCACA0GGCAGTAACGGCAGACrTCTCCTCAG6A6TCAG*3' (RS24) 

25 wHtrt * Indlcatts tht labtK This probt Is 40 bases long, spans the 
fourth through seventeenth codons of the gene, and Is coapleventary to 
tht noHMl ^^lobln alltit (flf^)* Tht scheaatic diagraa of priatrs and 
probes Is givtn btlow: 
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This probt wis t/nthtsl2td iccord1n9 to tht proctdurcs 
dtscrlbtd In Stctlon 1 of Ex««p1t I. Tht probt vis libtUd by 
contict1n9 20 piioU thtrtof with 4 units of T4 polynucltotldt kinist 
ind about 40 pnolt t*^^MTP (about 7000 Cl/fflmolt) In a 40 ul rtictlon 
vol*m containing 70 m Trls bgfftr (pH 7.6), 10 m M9CI2. 1.5 m 
sptnalnt and 10 m dithlothrtltol for 60 ninutts at 37*C« T>tt tota) 
voluAt was thtn adjusttd to 100 v1 with 2S m EOTA and purl f ltd 
iccording to tht proctdurt of Nanlatis tt aU, Holtcular CTenInq 
(1982), 466-467 ovtr a I m\ spin dialysis colu«tn t<)u111brattd with 
Tris-COTA (TE) bufftr (10 m Trls bufftr, O.l m EOTA. pH 8.0). TCA 
precipitation of tht rtactlon product Indlcattd that for RS24 tht 
sptclfic activity was 4,3 uC1/p«o1t and tht final conctntratlon was 
0.118 pmo1t/uU 

VI. Dot Blot Hybridizations 

Four mlcrollttrs of tht anpllfltd sanpit from Stctlon t and 
5.6 u) of approprlatt dilutions of A«9lob1n plasmid ONA calculattd to 
rtprtstnt amplification tfflcltnclts of 70» 75, 80, 85, 90, 95 and 
loot wtrt dlluttd with 200 u1 0.4 N NaOH, 25 m EOTA and spotttd onto 
a nylon fllttr by first wttting tht fllttr with wattr, placing It in 
an apparatus for prtparing dot blots which holds tht fllttrs In plact. 
applying tht sanplts, and rinsing tach wtll with 0.1 m\ of 20 % SSPE 
(3.6 N NaCI, 200 m NaHjPOi, 20 m EOTA), as disclosed by l^td and 
Hann, Hjcltlc Acids Rtstarch . 2i» 7202-7221 (1985). Tht fllttrs wtrt 
thtn rtmovtd, rinstd In 20 x SSPE, and baktd for 30 minutes it 80*C In 
a vacutf* ovtn. 

Afttr baking, tach fllttr was thtn contacted with 16 m\ of a 
hytrldlxatlon solution consisting of 3 x SSPE, 5 x Ounhardt's solution 
(1 X • 0.02% polyvlnylpyrrolldont, 0.02% FIcoU, 0.02t bovint strum 
albtfiln,, 0.2 iH Trls, 0.2 m EOTA, pH 8,0). 0.5% SOS, and 301 
forwridt, and Incubcttd for two hours at 4rc. Thtn 2 piaolt of prob 
RS24 wts tddtd to tht hybridization solution and tht filter was 
Incubated for two hours at 42*C. 
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FlniUy, MCh hybrtdlxtd ftUtr was wishtd twict wUh 100 ml 
of 2 X SSPE ind O.It SOS for 10 ainutts It room ttf^traturt* T>ifn tht 
ftlttrs wtrt trnttd onct with 100 ml of 2 x SSP£» 0.11 SOS it 60*C 
for 10 minutts* 

5 Eich fllttr WIS thtn lutoridf ognphtd. with tht signil 

rtidlly tppirtnt ifttr two hours. 

VIU Otscusslon of Autoridlognm 

Tht lutoridlogrim of tht dot blots wis malyztd ifttr two 
hours ind coflpirt4 In Inttnslty to standard strlal dilution l-g^obln 
10 rtcoftstructlons prtpirtd with Hatlll/JJatl-dlgtsttd pBR:!^, whtrt •* Is 
tht wlld-typt alltlt, as dtscrlbtd In SiUI tt aU, Scitnct. supra. 
Analysis of tht rtactlon product Indlcattd that tht ovtrall 
afipllflcitlon tfflcltncy was ibout 951, corrtspond1n9 to i 630,000- 
fold Incretst In tht 5*glob1n tirgtt stqutnct. 

15 EXAMPLE IX 

I. Afl^)lif1catlon Reictloft 

Two I w9 sanples of genomic ONA txtricted from tht «oU 4 
cell lint IS described In Eximple VIII were eich diluted In i 100 ul 
reaction volume containing 50 m KCl, 25 m TrIs-HCl buffer pH 8.0, 10 

20 (iH «9Cl2. 1 ^ 0^ ^^^^^ ^ ^ ^^^"^^ ^'^^ gtlltin, 

101 dimethylsulfoxide (by volume). 1.5 m dATP, 1.5 m dCTP, K5 m 
dGTP, and 1.5 m TTP. After this mixture was heated for 10 minutes at 
98*C to denature the genomic OKAr, the sain)Us were cooled to room 
tefiperature and 4 yl of the polymerase from Thertujs aquatlcus 

25 described In Exa«fple VIII was added to each saff^le. The sanples were 
overlaid with mineral oil to prevent condensation and evaporative 
loss. 

One of the sanples was placed in the heating block of the 
machine described In Example VIII and subjected to 25 cycles of 
30 anpllflcatlon, repeating the follcwing program cycle: 
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(1) htitln^ from 37 to 93*C ovtr i ptrlod of 2.5 mlnutts; 

(2) cooling from 93»C to VX ovtr • ptrlod of thrtt 
minutts to illft* tht prlmtrj tnd DMA to tnntil; and 

(3) (Mtntilning it 37*C for two alnutts, 

5 Afttr tht lilt cycit tht stnplt wis Incubattd for in 

•ddltlonil 10 Minutts it 60»C to eomplttt tht finil tUtnslon 
rtictlon. 

Tht stcond sif^lt wis plictd In tht htit-conducting 
contilntr of I aichlntt which contilntr Is ittichtd to Ptitftr htit 
10 ponps which idjust tht ttoiptriturt upwirds or downwards ind i 
•Icroproctssor controHtr to control lutomitlcilly tht iflpllf Icitlon 
sequtnct. tht ttflptriturt Itvtls. tht tt«iotriturt rinplng ind tht 
timing of tht ttfiptriturt. 

Tht second sinplt wis subjtcttd to 25 cyclts of 
n ampllflcitlon, repeating tht following program cycle: 

(1) htating from 37 to 9S*C ovtr a period of three minutes; 

(2) maintaining at 95*C for O.S minutes to illow 
denaturitlon to occur; 

(3) cooling from 95 to 37^C over a period of one minute; 

20 and 

(4) maintaining at 37*C for one minute. 
IL Analysis 

Two tests were done for analysis* a dot blot and an agarost 
gtl analysis. 

25 For tht dot blot analysis, a labeled ONA probe, designated 

RS18, of the following sequence was prepared. 

5'.*CTCCTGAGGACAAGTCTGC.3' (RSU) 

whtrt * Indicites tht libtl. This probt Is 19 basts long, spins the. 
fourth through stvtnttenth codons of tht gtnt, ind Is coepltrntntiry to 
30 tht normal d-^lobln alltlt (0^). Tht schematic diagram of primtrs and 
probts Is given btlow: 
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Thl, probt .« ,ynth„lx,d .ccordin, to th« proc.dur,, 
5. d«cr1b.d in Section I of Z.^^. ,. th. p.ob. ... Ub.Ud by 
contmin, 10 p.01. th.r.of .ith 4 „„it, of T4 polynucl.otld. k1n«. 
.«4 .bout 40 p«U T-«P.ATP (.bo«t 7000 Cl/«»ol.) , 40 w1 r.ietlon 
vol*, cont.lnin, 70 m Trii-HCl b«ff.r (pH 7.J). 10 ^ ,,ci,. 1.5 m 
»p.r.rtn. ind 10 <M dItMothrtltol for 60 .i„„u. «t 37»C. Th, total 
10 vol- «. th.„ .djustod to 100 «1 .Uh 25 M con .nd purlfUd 
.ecordln, to th. proc.d«r, of H.nl.tl, .t .1.. Mol.eul.r C1»nln, 

• ' " COW .,„,„br.t.d w.th 

Tr1,.EDTA (TE) buff.r (10 M Trls-HCl b«ff.r. O.l m EOT*. pH 8.0). 
TCA prtclpltatlofl Of tht rtictloft product IndleuH thit for RSIS tht 
•5 «ptciflc .ctlvlty 4.6 rfl/p«olt .nd tht f.n.l eo«ctntr.tio« -« 
0.114 pmolt/wl. 

n». >4cro11ttrs of tht t^UfUa ..npl, fro. Stetlon I «nd 
of . sioylt ««p1ifttd ts dtscrlbtd «bovt txctpt uilng tht Kltoo- 
fr.9«tnt of 1^ con DM Poly«tr.,t I 1„,t..d of tht thtrmost.hit 

20 tnzym. ..rt dnuttd »1th 195 w1 0.4 N NiOH. 25 m EOTA .nd spotttd 
onto tM rtpncitt c.tlonlc nylon fUttrt by first -tttlng tht fllttri 
•1th »«ttr. plieln) tht« In <n ipptrttus for prtptrlng dot blots irtleh 
holds tht fllttrs !n pltct. ipplying tht stoplts. ind rinsing tich 
-•n .Ith 0.4 .1 of 20 « SSPE (3.6 M N.C1. 200 m HMJ>0^, 20 m 

25 EDTA). as disci ostd by Rttd tnd N.nn. I»iclt1e A^ld* B.«..rrN 13 
7202.7221 (1985). Tht fllttr, -trt thtn r«o»ed. rlnstd In 20 x SS^. 
«nd baktd for 30 alnutts at 80*C In a vacuiM ovtn. 

Afttr baking, tach flUtr was thtn contaettd vlth 6 al of « 
hybridization solution consisting of 5 k SSPE. 5 , Otnharot's solution 
30 (I X • 0.02X poly»1nylpyrrondont. 0J)2X Flcoll. 0.02X bovlnt strum 
albg«ln. 0.2 m Tris. 0.2 m EDTA, pH 8.0) and 0.5X SOS. and Incubattd 
for 60 alnutts at 55«C. Thtn 5 «l*«f probt AS18 ms addtd to tht 
hybridization solution and tht fllttr was Incubattd for 60 nlnutts at 
5S«C. 
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Mnally. tich hybrldlitd fiUtr wn washtd Ulct with 100 ml 
of 2 X SSPE «nd Oa% SOS for 10 ainutts tt room twptruurt. Thtn tht 
flUtrs »trt trnttd twict wort «1th 100 nl of 5 x SSPE, OAl SOS it 
60*C for I) ont ainutt and 2) thrtt minutts, rtsptctlvt ly . 

5 Each filttr was than lutoradlognphtd, with tht signal 

rtadlly appartnt afttr 90 oHnutts. 

In tht agarost gtl analysis, 5 ul taeh ai(|>11f1eit1on 
rtaction was loadtd onto U HgS1tvt/0.51 agarost gtl In I t TBE bufftr 
(0.089 N Tpis boratt, 0,089 H boric acid, and 2 m EDTA) and 
10 tltctrophortstd for 60 -Inutts at lOOV, Afttr staining «lth ttnldlum 
browldt, DHA was visuallztd by UV f 1uortsctnct« 

Tht rtsuUs show that tht machlnts ustd In Exanplts VI 11 and 
U htrtin wtrt tqually tfftctlvt In anpHfylng tht Oftt. showing 
discrttt high.lnttnslty llO^ast pair bands of sliallar inttnslty. 
15 corrtsponding to tht dtslrtd stqutnct, js wtll as a few othtr discrete 
bands of imjch lower Inttnslty. In contrast, tht arrpllflcatlon mtthod, 
which Involvts rtagtnt transftr ffttr tach cyclt using tht Otncw 
fragment of JL. coH Pol>intrast I. gavt a ONA sA«ar rtsultlng from the 
non-specific anpllflcatlon of many unrelated ONA sequences. 

Is expected that similar Inprovemnts In anpHflcatlon 
and detection would be achieved In evaluating HLA-OO, OR and OP 
regions • 

It Is also txptcted that tht procedure of Exatiple I may be 
reptattd using a blotlnylated probe prepared, as described In U.S. 
25 Patent Nos. 4.582,789 and 4.617.261, 

EXAMPLE X 

cOHA was made froit I pg of rabbit rttlculocyte vAHA In a 100 
ul rtaction volm containing 150 nH KCl, 50 m Trls'HCl (pH 8.3), 10 

m Hgci2» 5 m on. 0.5 m dAiP. o.5 m dCTP, 0.5 m diip. 0.5 m 

30 dGTP. 0.2 ug ol1go(dT)12-18. 40 units Rftasln. and 5 units Mi reverse 
transcriptase, and Incubattd for 30 mlnutts at 4rc, Tht rtaction was 
stopped by htating for 10 mlnutts at 95*C. Two ug RNist A was addtd 
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to tht sifl^lt (2 ul of « 2 «9/ffl1 solution In wittr) ma Incubittd for 
10 Rlnutts at 37*C. 

Thrtt iBplifUttlon rtactlons wtrt dont with tht Kltnow 
fragnitnt using dlffortnt pilrs of prlmtrs. Tht ,>r1mtr pilr PC03/PC04 

S dtftnt t 110*6p product, tht prlmtr ptir RS4S/o11go(dT)2S«30 dtftnt «n 
about 370-bp product, and tht primtr pair PC03/oll9o(dT)2$»30 an about 
600-bp product. PC03» PC04, and RS4$ art conpltfitntary to tht human 
ft-globin gtnt and tach has two nlsmatchts with tht rabbit gtnt. PC03 
and PC04 art dtscrlbtd In CxanpU I. RS4S has tht stqutnct: S*« 

10 CAAG^6TGCTAGaTGCC-3\ 

Tht anpllflcatlon rtactlons wtrt ptrfonatd with l/20th (5 
u1) of tht cONA dtscrlbtd abovt In a 100 u1 rtactlon volm containing 
50 m NaCl. 10 m Tr1s*MCl (pH 7.6), 10 m MgClj, 200 ug/«l gtlatin, . 
101 msO, 1 iM PC03 or RS4S, 1 PC04 or ongo(dT)2S«30, 1.5 tm dATP, 
13 I.S nM aCTP, 1.5 m dTTP and 1.5 m dGTP. Tht sanplts wtrt htattd for 
fivt Alnutts at 98*C, thtn cooltd to room tttptraturt and ovtrlayed 
with about 100 m1 mintral oil. 

Tht sanplts wtrt subjtcttd to 10 cyclts of autonattd 
anpllflcatlon using tht machlnt dtscrlbtd In Examplt V!II and using 
20 tht following program: 

1) httting from 37*C to 98*C in htating block ovtr 2.5 
minutts (dtnaturt); 

2) cooling from 98*C to 37*C ovtr 3,0 minutts (anntal); 

3) adding 1 unit Kltnow fragmtnt; and 

25 (4) milntalning at 37*C for 20 minutts (txttnd). 

Tht finti volim of tach samplt was about 140 vl. 

Ont^twtntltth (7 ul) of tach sai^lt was analyztd by 
tltctrophortsls on a 21 agarost gtl. Afttr staining with tthldlum 
bromidt, discrttt bands wtrt sttn In tht PC03/PC04'and RS45/ol1go(dT) 
30 swplts. Tht sizts of tht bands wtrt conslstant with tht txptcttd 
Itngths: 110-bp for tht formtr, about 370-6p for tht latttr. No 
. tvldtnct of ti^pllflcatlon of an about 600-6p fragmtnt with tht 
P003/o11go(dT) primtr pair was obstrvtd. 
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Tht conttntt of tht 9«1 «trt Southern blottid onto i 
citlonU nylon AdKbrant and hybrldlztd with • nIck-transUttd hjMn b* 
9lob1n probt. peR328:bttM, dturlbtd In Salkl tt Scftnct, suprt , 
using standard techniques. The resulting autoradlorram eitended the 
5 conclusions reeched previously - the llO and about 370^p fra^i^nts 
were ^lobin specific a«pHf1cat1on products and no significant 
amplification of the about 600-bp bend was detected, 4 

Three additional sanples were amplified with the Themus 
aquatlcus (Taq) polymerase obtalntd as described above using the same 

10 primer pairs dtscrlbod previously. Five wlcrolUer portions of tfNA 
were aapllfled In 100 vl reaction volumes containing 50 (#1 itCl, 1% m 
Tr1s-MC1 (pH 8.0). 10 m HgClj. 200 wg/«1 gelatin, 10% WSO. 1 ill PCD3 
or RS45, I PC04 or ol1go(dT)25.30. l.S m dAT?. 1.5 m dCTP, 1,5 m 
dTTP and 1,5 m dGTP. The saieples were heated for five iHnutes at 

1^ 9d*C» then cooled to room teoperature. One microliter of Taq 
polymerase (1/8 dilution of lot Z) was added to each and overlayed 
with about 100 vl mineral oil. 

The samples were subjected to 9 cycles of an^llflcatlon In 
the Peltier device described In the previous eiample using the 
20 fol lowing program: 

1) 1 «1n» 35 to 60«C ranp; 

Z) 12 min, 60 to 70*C remp (eitend); 

3) 1 min, 70 to 95*C ramp (denature); 

4) 30 sec. 95*C soak; 

25 S) 1 min. 95 to 35*C raep (anneal); and 

6) 30 sec. 35*C soaH, 

After the last cycle, the sanples were Incubated an 
additional 10 minutes at 60*C to complete the finel (10th cycle) 
extension. The final volume of each was about 100 u1, 

30 As btfore. l/20th (10 vl) of each sample was knM\yzt4 on a 

21 agarose gel. In this gel. eipllflcatlon products were present In 
an three* samples: 110-tp for PC03/PC04, about 370-6p for 
RS45/ol1go(dT). and about 600-bp for PC03/ol1go(dT). These results 

35 were confirmed by Southern irMf^r and hybridization with the 
p8ft32B:betaA probe. 
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Th. production of tht 600^p product «lth T*q folymtrti, but 
not «1th tht KItnM frt^nt It tianlfictnt, ind tu99tttt th«t T*, 
polyiMritt It ctptbit of producing longtr ONA thin tht ki,„o* 
frigntnt. 

In tuMury. tht ttchnlqut htrtln •htntn nucltic ic«dt irt 
•■pHflid In I chiln rtietlen In »h1ch priatr tittntlon products in 
pro«ictd -hich cm tubttqutntly act is tw^ lit is, ind tht iivllfitd 
samplts art inalyztd using stqutnctiptclfic probts provldts stvtral 
l^ortant advantagts. It Is a slr^llfltd procidurt btciust tht 
MpHfltd sinplts cm bt spotttd on i flUtr awbrint is i dot blot, 
thtrtby ivolding tht rtstrlctlon dlgtstlen. titctrophorttit ind gtl 
manipulations othtrwist rtqulrtd. It Is a «ort tptclfic proctdurt 
btcaust tht inpllflcatlon grtatly Incrtasts tht ritio of tptclfic 
targtt stqutnct to cross-hybrldltlng stqutncts. 

In addition, tht proctss htrtln Inprovtt ttns1tl»1ty by 10^- 
10*. An Inttrprttabit signal can bt obtalntd with a 1 ng sinpli ifttr 
in ovtrnlght exposurt. Finilly, by Incrtising tht imount of sinple 
ippHtd to tht fllttr to 0.1 to 0.5 ug. It Is possible thit 
bletlnylited ollgonucltotldt probts may bt utillzid. 
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m eoooDONn of tu xnviktion in wnicn an ixclusxvi nomn ok niiviuot 
IS euoao am du xnio as rouovst 

1. A precMt <er 4.t«etlB« th« pr„«„ of • »u«U«tid« v.rl.tloo i» 
••^e* U • nuelalc Mid coeuintd in • .Mpu. ^^ch proc.t. CQ«prlf«.t 

(•) trMtlBg tiM ••>pU. tOMtlMr or ••qu.atUXXy. vlth (our 
«lK«rnt nuelMil4« trlphetpteta*. w M«at (or pelyMrlMtlea e( th« 
wcl—iU trlphofptet... and tvo oU,oauelo«tido prlMr.. (or M14 .iKUic 
•C14 eeoulala« m14 Y«rl«tleo ua4«r hybrldttla, eoodiiloot, meh that • 
prlMr hy«rl4iMi to Mt4 aueUle Mid tad an Mt««loB product o( tiM priMr 
!• lyntlMititd vhlch U coaplMtaurr to Mid auelMtld* VMUtle* In 
••^•aea. vterala Mid prlaart art MlMt«d auch that tha wtaaaioa product 
•ysthaaltad fro* ooo prlaar. vImb taparatod (ro« It* eo^l«Mat. can Mrra a* 
a taaplato (or aynthaalt o( tho oxtn«1oii product e( th« othar prlMrt 

(b) trMtla« tho aaaplo undar danaturlnf eeodltleaa to aaparato tha 
prlaar axtanaloo product* (roa thalr taaplataii 

<c) traatla« tho aaapla.. tofothar or iaquastlally. vlth aaid (our 
auelaoaido tripheaphataa, aa a«*at (or polyMriutleo o( tho nuclaoalda 
trlpheaphatat, and ollgoauelaotldo prlMra auch that a prUar axtaaaloa 
product la ayBthoaisod ualag aMh o( tho ala«la atrasd* producod in it«p (b) 
aa a tanplat*. vhorala atapa (b) and (e) aro rapaatad a au((lelant auabor e( 
tlaoa to roauU la dataetabla aaplKleatioa o( tha auclaie acid coatalniag tha 
aaquaaea varlatloat 

(d) directly traaa(arrla«, without |al (raetloMtloo. tho product o( 
•c«p (c) to ft MBbrutt 

(•) trMtlttf th« Mabr«B« u&d«r hybriaiMtloo eo&41tloot viih « 
Ub«l«d •«qu«&c«-ip«€lfie ollconucltotidt prob« c«p«bU of hybridisiof vlth 
thm Mpllfit4 auclftie %<id ••qu«ac« ooly if a stqutact oC t)M prob« It 
cottpl«Mat«rr to « r«tleo of tho MpXifUd ••quoneot oad 

(f) dotoctio« vhothor tho probo hoo hybrldistd to oa o^lifltd 
ooquottct la tho aucloie acid oaaplo. 

2. Tho procooo of cUia I, vhoroU tha aucUie acid ia th« •oa^lt it 
oxtractoa fm tho ooaplo prior to atop (a), aad atopo (b) «ad (c) art 
ropaatod at loaat fivo tisoa. 
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3, Thm proctt* o< cUim 2, vh«r«ia th« tAJi^l* cootalni hu««n ctno«ie 
ONA 4ad tttpfl (b) a&d (c) «rt r«p«ftt«4 15-30 tiaaa. 

4. Th« procsaa of el«la I, vh«r«ia Mi4 nucUle acid 1« 
doubl««0tr«adtd and its atraada ara aaparatad by daa4turlB« bafora or duri&< 
•tap (a)* 

3. Tha procaaa of elaia I, vharala tAld auclaie acid ia 
•laf lo-atrtDdad* 

6. Tha procaaa of data 4, vharala said auclaie aeld ia CtU aad said 
priaara ara oligodaoxyrlboaucXaotldaa. 

7. Tha procaaa of clala 4, vharala tald aueXale acid ia aaaaanfar 
RNA and c«ld priaara ara ollcodaojcrrlboauelaotldaa. 

8* Tha procaaa of clala 5, vharala tald auclalc acid la ONA aad aaid 
priaara ara oll|odaojqrrlboauclaotldaa. 

9. Tha procaaa of clala 5» vharala said auclaie acid la aaaaaa«ar 
WA aad tald priaara ara ollcodaoxyrlboauclaotldaa. 

10. Tha procaaa of clala I, vharala aald afaat for polyMrlsatloa ia 
•alactad f roa tha grcup coaalatlag of £^11 ONA folyaaraaa I, C^aaov 
fracaaat of L SSll CNA folyaaraaa I, T4 ONA polyaaraaa, tharaoatabla 
polyaaraaa aasyaa, aad ravaraa traaacrlptaaa. 

U. Tha procaaa of clala 1, vharala tha auclaotlda varlatloo la 
aa^uaaca la coatalaad vlthla a hi Man auclalc acid aaloctad froa tha group 
coaaiatlaf of a bota-globia |aaat an oacofaaat an BlA-OQcy, DQI» OU, DM aad 
DM ctact altochoadrlal ONA. 

12. Tha procaaa of clala U, vharala tha auclaotlda varlatloa la 
aa^aaca la aaaoclatad vlth laaulla-4ap«adaat dlabataa aalXitua* 
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13. TTm process oi cUla I, vh«r«lQ th« nucUotid* vftrUtloa Id 



0«qu«ac« is eoat«la«4 vlthin thm sucltic «cU o£ «a orgsAlM that e«a c«ut« «a 
iafsetious dlMsss. 

U. Ths process oi cUU I, vhsrsia ths s«apl« coaprlsss csXls, sad 
ths process lurthsr coaprisss* bsforo step (s>, tho step o£ hestiac ths saapls 
suff iclsatlx to sxposo ths auclslc acid(s) thorsla* 

15. Tho process e< clala U, vhersia the ss^le Is periphersl blood 
iyspKocrtss or abiotic fluid. 

16* The process of elaia I, vhereia the sa^le is a seaea, hair or 
blood saaple, or coataias aitocheadrisl OU, and the process is used ia 
foreasic a&alysis. 

17. A procsss for detectia« the preseace of s aucleotids vsristioa 
ia sequeaee ia a aucleie acid coataiaed ia a ssaple, which process ceaprisest 

(a) treatiac the saaple, together or se^eatislly, with four 
differeat aucleosids triphosphates » aa a«eat for polyverisatioa of the 
aucleoside triphosphates « sad tvo oligoaucleotide priaers for said auclsic 
acid coctaiaiag said variation uader hybriditia« coaditioos» such that a 
priaer hybridises to said nucleic acid and aa extsnsioo product of the priaer 
is synthesise4 which is coapleaeatarr to said variation in sequence, wherein 
sai4 priasrt are sslectad such that the extsasioa product synthosised froa oao 
priaer, whan separated froa its coa^lesMat, can ssrve as a taaplate for 
synthesis of the extaasion product of tho other prinert 

(^) treating the saapls uader deaaturiag cooditioas to separate the 
priaer axtaasioo products froa their tenplates: 

(e> treatiac tho san^ls, together or ssquentislly, with said four 
aucleoside triphosphatss. aa sf tat for polyaerisation of the aucleoside 
triphosphates » and oligocniclootldo priaers such that a prlaer exteasloa 
product is syathesisod usiaf each of the siagle strsads produced ia stsp (b) 
as a tenplate, wherola stepe (b) and (c) am repeated a sufflcieat auaber f 
tiaas to result ia detectable aaplif icatioa of the auclei acid coatsiaiaf tho 
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i.qu.nc« vri.iion, 4nd vhtr.ln .t It«t on. prliuir 4nd/or .i on. o« ih. 

four nucLoald. trlphoapUt.. U Ub.X.4 vith . d.t.cubl. aol.txt 

-<d) tr..tln| . m^t^. Ujrhlch U .tt.ch.4 . ..i^.«c...p.cif ic 
oU(onuel.oti4. c.p.bl. of hybrldlslac vilh th. «pUfi.d nucl.lc tcid 
•.qu.nc. only if • ••qu.ne. of th« ollgonwl.otid. i« coiipl.«.nt»ry to « 
rtcioa of th. ftaplifi.d i.qu.net uad.r hybridliAtlon eooditiona vith th. 
product of .top (c)t AAd 

(•) d.ttetioc vh.th.r 4B Mplifiod ..qu.nc. ia th. nucl.ic acid 
flMpl. h.. hytridit.d to th. olicofiucLotid. .tt.ch.d to th. Mabrta.. 

la. A proc.ii for d«ttctla( th. pr.i.ac. of . aucLotid. y.ri.tioa 
ia ..^.ac. ia oa« or aor. nuel.ic acid, coat.ia.d ia . •.■pu, vhich proc... 
cospri...: 

(•) tr.ttiac th. ..apl.. tec.th.r or i.qu.ati.Xly. vith four 
nucLooid. triphoiphat.f , aa a|«at for poly«.risatioa of th. aucl.o.id. 
triphe.phattf, and tvo olicoaucl.etid. pri«.ra for aaid aucl.ic acid 
containiaf said variatioa uad.r hybriditiai eooditioaa, luch that a priaor 
hybridif.c to aaid aucl.ic acid aad an .xt.aaion product of th. priMr ia 
aynth.aia.d vhich is coaplaMatary to aaid variatioa la a.qu.ac., vh.r.ia aaid 
priMr. ar. a.l.ct.d auch that th. .xt.aaioa product ayathoaisad froa oa. 
priMr» vhtt a.parat.d froai ita coaploMat, can a.rv. .« . t.spUt. for 
synthaaia of th. .xtanaioa product of th. othor pria.r: 

<b) tr.atiaf th. aa«pl. uad.r d.aaturiaf coaditioaa to a.parat. th. 
pria.r .xt.aaioa producta froa th.ir ta«plataai 

(c) traatiaf th. aaapla, toc.th.r or aaquaatially, vith aaid four 
nuclMaid. triphoaphat.a, aa agMt for polyMriaatioa of th. oucLo.id. 
triphoaphat.a, aad olifoauclMtld. prlMra auch that a priaar axtaaaioa 
preduct ia ayathaaii.d uaiag aach of th. aiagl. atraada producad ia atap <b) 
aa a taaplat., vh«r.ia at.p (b) aad (c) ar. rapaatH a aufficiaat atabar of 
tiaoa to raault ia datactabl. aapllf icatioa of th. aucl.ic acid coataiaiag th. 
..•ci.ac. variatioa t 

(d) traatiac a aaabraa. to vhich ia attachad a lab.l.d ^ 
a.quMic.*ap.cif ic oli|ooucl.otid. probo capable of hybridisla< vith tha 
aaplifiad auclaic acid aaquaaca oalr if a aa^MC. of tha prob. ia 
coaplaaaatary to a r.cioa of th. aapllfi.d a.^ttttc.l 

(.) tr.atiaf tha aaabraa imdar hybridisatioo coaditioaa vith th. 
produ^ of at.p (c}| 
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(O t»- fro4«ct •£ .up (., vlth . rmrtctto. vMch 

both eoatals • rtitrletieo alt* r«cocnis«4 br th« «ai7Mi m4 

(I) *.t.etln, .h.th.r • U^l^ c.irlctlcp Cr^^, of th. r.^lr.d 
iMtth 1. >r..«t i. th. r..trletlo. dif.t to ladlci. th.t h,brl41«tloo 

oeettrr»d . 

19. A Mt for d.t.etlii« th. pr..«e. .< , ««.i^ud. T«i.ii« 1. 
••^«c. in . oucl.ie Mid cfiaod In . ..^i,, ^m^^ eo^^j,,,^ 
P^l^.** 'o™, • ■ultlMot.la.r lalt havin^i 

(•> tv« ollcoaoelMtld. prl^r. for Mch wki.u .eld .o^mdc. 
wrutlon b«lB« d.t.ct.d. vhleh prlMr. .r. MlMtod m^H th.t « Mt«.l« 
product •yoth.ats.d frM oa. prlMr. vhui ••p«r.t.4 tnm It. c^iMttt 
..rr. . t«,l.t. for th. .rith..!. of th. «t«.l«i product of th. •th.r 
prtMr .o a. to produc. MpUfl.d oucX.lc odd ..^umc.. cooulnla, th. 
••qume. varUtloat 

(b) aa a««at for poIjiMrlsatloat 

(c) fear dlff.roit auelM.ld. trlphoaphat.at 

(d) a a«^«M..«pMlflc olifoeuclMtid. prob. capabl. of hrbrldlilac 
vlth th. aapllflad aael.le acid Mqu.Bc. oal, if a a.<iu.ac« of th. prob. 1. 
ce^lMMitary to a rogloa of th. aapllfi.4 aaqum.i aad 

(.) a aMbraa. to vhleh aapllf i.d aucl.le acid caa blad for 
•ubao^mt d.t.etloa by prob. hybrldlsatloo. 

20. Tho kit of clala 19, wh.r.la aald prlaar. ar. 
eH(odMKTrlboeuclMCld.a, aald auelMald. trlpheaphat.a ar. dA». dCTT, dCT? 
aad nr. aad th. prob. la Ub.l.d. 

Jl. V» kit Of eUla l», turthor eoaprla.a aaaaa for ••paratla« th. 
•traada of aay doublo-etraadod aucl.le aclda coataUad la th. aa^la. 

n. Vm kit of cUla l», vh.r.ia th. a«ttt for polywritatlea la aa 
•a«7~ a.l.ct.4 f roa tha (roup eoaalatla« of fiU OU Polyaaraa. I, n« 
f ra^t of saii OU foliMraa. I, T* OMA foliMraaa. a hMt^tabl. «& 
polyMraa. wnaywrn, aad r.tr.r.. traaaerlptaa.^ 
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23. Th€ kit of elAla 19, further cosprlali^ « po«ltiYt cootrol tor 
th« prob« vhich cootAlaa oa« or aoro oucioie *cid« vlth tbo auciootido 
▼arUtloA to W dotoctod and « Qt(ativ« cootrol for tho fiobo vhich dooo aot 
eootaia tho ouelole oeido vith tho auciootido Toriotioo to bo dtttctod. 

24. Tho kit of cUU 19. vhortia tho auciootido Toriotioo ia 
•o^fuoaco io cootoiao4 vithla o fauMa auclolc odd ooloctod frca tho group 
cottoiotlag of a bota^flobia c«a«: oa BU-OQa. 0Q«. Otl, Olb oad 0?i gcao, oad 
altocheodriol Ittt. 

25. Tho kit of eloia 24. vhoroia tho auciootido voriotioa ia 
•o^aco it oosociotod vlth iaoulia^opoadoat diobotos aollituo. 

26. Tho procooo of Clola 17. vhoroia ooid prlMrs oro 
olicodoojcyriboauelootidoo oad aoid ofoat for polyvorisotioa ii • IMA 
polyMrooo. 

27. Tho procooo of CUla 26. vhoroia gold prlaoro oro Ubolod. 

28. Tho procoso of Cloia 27. vhoroia ooid oucloic ocid !• CM4. 

29. Tho procooo of CUia 27. vhoroia sold aucloic ocid it UU. 

30. Tho procooo of CUia 26. vhoroia ooid aucloic ocid ia hiMa 
gODOslc ONA. 

3U Tho procooo of Cloia 30. vhoroia ooid priaoro o^lify o oo^oat 
of a Claoo IZ RLA foao. 

32. Tho procooo of Cloia 31. vhoroia ooid |oao io o OQtar ollolo. 

33. Tho procooo of CUia 3t, vhoroia ooid |oao io o DQi ollolo. 

34. Tho procooo of CUia 31. vhoroia ooid io o DF» ollolo. 
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35. Th« proctM oi CUia 31, vh«r«ln ui4 gtac is « DM all*!*. 



35. Vm proctM CUia 31, vharcla m14 ctB« l« « Oftar«ll«l«. 



37. Thm froc««« e£ CUIa 31, vlMr«; 



3t. A Ut for 4«t«ctlnt thm pr«««&c« of a aucl«oti4« Tariatioa ia 
••^«aci la a Mclalc acU coataiaa4 U a aaai^la. vhlcb kit co^rltai, la 



(a) tvo oXlcottttclaotUa prlMra for aaeh nuclaie acl4 aa^oaaea 
▼ariatloo V^ing 4atacta4, vhleh priaara ara faltcitd such that aa axtaailoo 
product tyatKaalsa^ frw oea prUsr, vhaa aaparat«4 f roa ita coaplaMat, eaa 
aarra aa a taaflata for tha ajrathaaia of tha axtaaaiaa product of tha othar 
prlaar ao aa to prodttca aa^llflad auclalc acid •a^«acts cootalalaf tha 
aa^uaaea Tarlatloai aad 

(b) a ao^oaBca-^paclfle ollcoauc loot Ida proba attachad to a 
MBbraaa, vboroU aaid proba la capabla of hybrldlsiaf vlth tha aa^liflad 
aoeiale acid aofoaaca ealr If o aa^aaea of tha proba it coopiaMatary to a 
rafioa of tha aapllfiad aaquaaca. 

39. Tha kit of Clala 3f, vharaia aaid prlaart aad proba ara 
oX i codaoxxr ibottoclao t Ida a • 

40. Tha kit of Claia 39, vharaia aaid prlaart ara labalad. 

41. Tha kit of CXaia 39, vhich furthar ccaiprlsaa a HU polysoraaa. 

42. Tha kit of CUiJi 41, vhich furthar coaprltaa four difforaat 
aocXooaida 5**triphoaphatat. 



pockafad foes, a aaXticoataiaar uait havia«t 




# 



